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PEEFACE 

TO THE TWENTY-SIXTH EDITION. 



Under its old title, ''Intuitive Calculations," this work 
has had a very extensive sale, having gone through twenty- 
five editions. But, in preparing the present edition, the 
Editor has thought that a more appropriate and practical 
title might advantageously be adopted. Hence the change 
of name. 

It seems to have been the author's design to produce a 
work that should form a practically useful supplement to 
the ordinary treatises on common arithmetic; and, dis- 
regarding the precepts laid down in those treatises for 
executing, by a general Eule, every example coming under 
a distinct subdivision of the subject, to devise special Bules 
for special cases, and thus to economize figure-work as 
much §,s possible. 

As a consequence of these more minute subdivisions of 
the subject, the Bules in this book are more numerous than 
those given in the school treatises. It is obviously not 
designed to be a school manual of arithmetic ; but rather 
a depository of easy and expeditious methods of calcula- 
tion for the guidance and use of those whose business 
occupations require them to be more especially expert in 
some particular department of the general subject : it is, in 
fact, in so fax as its scope extends, to be regarded more as 
a sort of Arithmetical Dictionary, or Book of "B»^isst^TkSi»> 
for the use of such commercial men, tta^L^ta, ^ic\aSia^T%> ^^^ 
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as may have to do with those arithmetical calculations only 
which are exclusively connected with their own respective 
callings. As these callings are special so are the Eules. 

But although not intended for ordinary school purposes, 
yet it is a book which every teacher of arithmetic should 
possess. It will show him how much the exercise of com- 
mon sense, and a little ingenuity, may sometimes do in the 
way of shortening and simplifying nimierical computations ; 
and a judicious teacher may, from time to time, avail him- 
self of much that this work will supply, to the advantage 
of his pupils, in ihe form of oral instruction. In the 
opinion of the present Editor, it may be affirmed with 
confidence that there does not exist any work on arith- 
metic in which so many ingenious expedients are devised 
for abridging labour and saving time, and so much judi- 
cious advantage is taken of the resources of common arith- 
metic, as in the present volimie ; in fact, the book may 
be considered to be imique. 

As a guide and book of reference it should, indeed, be 
indispensable to the following tradesmen, merchants, and 
others, viz. Wine and Spirit Merchants, Licensed Victual- 
lers, Grocers and Tea Dealers, Bakers, Com Merchants, 
Comchandlers, and Flour Dealers, Chemists and Druggists, 
Wool Merchants, Jewellers, Gold and Silversmiths, Bankers 
and Money-changers, Stock and Share Brokers, Commission 
Merchants and Agents, Shippers, Carriers and Forwarding 
Agents, Iron Merchants, Ironfounders, Hardware Dealers 
and Ironmongers, Surveyors, Valuers, and Auctioneers, 
Contractors, Timber Merchants, Builders and Decorators, 
Painters, Glaziers, Paperhangers, Carpenters and Joiners, 
Bricklayers and Stonemasons, Paviours, Plumbers, &c., 
&c., each and all of whom will find in it numerous short 
and rapid modes of calculation suited to their several and 
special needs. 

C. NOERIS. 

Lo2n}OK, August f 1884. 
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tion in the estimate of tlie work performed, or tlie service 
rendered, and tlie pecuniary accommodation (or credit) 
granted. 

It is tlie design of tliis book to teach., under distinct 
heads, the most expeditious methods of executing the 
different commercial calculations here alluded to; but such 
of these calculations as do not admit of being reduced to a 
simpler or more convenient form, by any modification of 
the rules in common use, will be retained in their proper 
places here, without alteration. As to the simple and 
fundamental rules for Addition, Subtraction, Multiplica- 
tion, and Division, we shall omit them altogether, except 
certain cases of the two latter, in wl\ich a departure from 
the common practice will be seen to be attended with 
advantage. 

We shall merely add, in concluding these introductory 
remarks, that although this book is not prepared for 
school use, yet the judicious schoolmaster may perhaps 
consult its pages with profit; and in the exercise of his 
arduous profession may occasionally make selections from 
them for the special benefit of such of his pupils as he may 
know to be destined for specified commercial callings. 



SIMPLE MULTIPLICATION. 

Case 1. 
When the muUtpUer is a number between 10 and 20. 

EuLE. — ^Multiply each figure of the multiplicand, in 
succession, by the units-figure of the multiplier, as in the 
common method ; but here, to each product after the first 
partial product, add, not only what is carried, but also the 
next right-hand figure of the multiplicand as well: and 
finally, after the last partial product, add what is carried 
only to the last figure of the multiplicand. 

Thus, in the first of the examples following, 3 times 5 
are 15, and 1 is carried ; 3 times 8, with this 1, are 25, 
which, by including the back-figure, 5, makes 30, the 3 
being carried ; then 3 times 3, with this carried figure, 
makes 12, and adding in the back-figure, 8, we get 20; 
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the 2, now carried to the last figure, 3, of the multiplicand, 
gives 5 ; and the work is finished. 

Examples. 

Multiply 385 679 4873 6958 7956 7685 

by 13 16 18 17 15 19 

Product 5005 10864 87714 118286 119340 146015 



No explanation of this method can be needed: it is 
obvious that the several back-fig^es, added in at once 
with the carryings, are the figures actually written down, 
in the common method, and added vertically with those 
carryings. 

Case 2. 
When the multvplier is a number between 20 and 30. 

If the first figure of the multiplier, instead of being unit, 
is two units, then each back-figure is to be doubled, the 
rule being this : — 

Rule. — ^Multiply as in last case, taking in the double of 
the back-figure; and add what is carried, horn the last 
multiplication, to the last figure of the multiplicand thus 
doubled. 

Examples. 



Multiply 798 
by 22 


567 
23 


395 
23 

9085 


395 

27 


487 
27 


6784 
28 


123 
29 


Product 17556 


13041 


10665 


13149 


189952 


3567 



To explain the foregoing, it will suffice to give the 
details of working the first example. Thus : twice 8 are 
16, and carry 1 ; twice 9 are 18, and 1 (carried) are 19, 
and 16 (twice the back-figure, 8) are 35, and carry 3; 
twice 7 are 14, and 3 (carried) are 17, and 18 (twice the 
back-figure, 9) are 35, and carry 3 ; 3 (carried) and 14 
(twice the back-figure, 7) are 17, and carry 1, which is to 
be set down in the last place, as usual. It is obvious, as 
in the last case, that the doubled figures, added in under 
the partial product arising from the next figure on the 
left, represent the successive multiplications by the fij^jML^s^ 

b2 
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2 in the place of tens of the multiplier, which, if actually 
performed by the ordinary process, would be set down one 
place to the left and added vertically. 

Case 3. 

TThen the multiplier is 111, or 112, or 113, Sfc, v^ to 119. 

EuiiE. — ^Multiply by the first figure on the right-hand, 
as in the first case, adding one back-figure in, at the 
second partial product; but instead of one back-figure, 
add the sum of the two back-figures, so soon as there are 
two to add ; that is, when the third figure of the multipli- 
cand is reached. Add what is carried from the fi^al 
product to the sum of the last two figures, and if anything 
is carried from the result, add it to the last figure itself ; 
but if nothing is carried, merely bring down tMs last 
figure. 

Examples. 



Multiply 

by 


2183 
111 

242313 


4296 
112 


5589 
113 


6273 
114 


7182 
115 


83716 
116 


Product 


481152 


631557 


715122 


825930 


9711056 



To illustrate these operations, let us take the third 
example. Here 3 times 9 are 27, carry 2 ; 3 times 8 are 
24, which, with the 2 carried, gives 26, and the back-figure 
9 being taken in, we have 35, carry 3. Then 3 times 5 are 
15, and 3 are 18, and 8 are 26, and 9 are 35 (8 and 9 being 
the two back figures), carry 3. Then 3 times 5 are 15, and 
3 are 18, and 5 are 23, and 8 are 31 (5 and 8 being the 
two back-figures), carry 3. Again, add the 3, thus car- 
ried from the final product (31), to the sum of 5 and 5, 
the result is 13, carry 1, this added to the last figure (5) 
gplves 6. 

In each of the first two examples, nothing is carried to 
the last figure, which is therefore merely brought down. 

It is readily seen that the back-figures, added in this 
method, are the very figures actually written down, and 
added vertically in the common operation. 

The following general rule includes the cases 1 and 3 
above, and renders special directions for them unnecessary. 
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General Eule. 



When the multiplier is a single figure preceded hy any 

number of units, 

Eule. — 1. Prefix to the multiplicand as many dphers as 
there are prefixed units in the multiplier. 

2. Multiply by the fig^e to which the units are prefixed, 
adding in, at the successive partial multiplications, first 
the single back-figure, then the two back-figures, then the 
three back-figures, and so on, till the back-figures thus 
added in are just as many in number as there are prefixed 
ciphers : they are never to be more in number. 

3. These multiplications and additions are to be continued 
up to the last of the prefixed ciphers inclusive ; and when 
this is reached the work terminates. 

We shall take the fourth example in each of the two 
cases alluded to, and give two additional examples in which 
three ones are prefixed, and a final example in which four 
are prefixed. 



Multiply 


06958 
17 

118286 


.006273 
lU 


0006958 
1117 


0006273 
IIU 


0000435216 
11115 


Product 


715122 


7772086 


6988122 


4837425840 



If the reader will only take the trouble to work the last 
of these examples in the ordinary way, he will see that the 
saving is considerable, as well in time as in figures ; and 
he will at the same time perceive that the back-figures, 
added in, in this method, are the same as the figures 
actually written down, and added vertically, in the old 
method. 

Case 4. 

WTien the multiplier consists of three significant figures (with 
or without following ciphers) of which the first figure, 
commencing from the left, is unit, and the second is one unit 
greater tha/n the third. 

Underneath the multiplicand set down, as multiplier, the 
first and third of the significant figures aa oqj^ tsoss^*^^ 
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perform the multiplication, according to the preceding rolo; 
Case 1 ; repeat this product on the next line underneath, 
but removed one place to the left ; make the addition of 
the two lines, and the sum is the product of the multipli- 
cand by the three significant figures of the multiplier ; if 
these are followed by ciphers, annex as many ciphers to 
the result. Thus, taking the multipliers 143, 187, and the 
multiplicand 4681572, the work is as follows :-^ 

04681672 04681572 

13 17 



60860436 79586724 

60860436 79586724 



669464796 875453964 



♦»* The mtiltipliers 143 and 187 are here virtually employed in the 
forms 

{ 130 } ^^ { 170 } 

If ciphers had been annexed to either of the multipliers, 
we should of course have annexed as many to the product. 

It may be added, that however nionerous the figures of 
any multiplier may be, yet that to every set of three, coming 
under the above conditions, the method here proposed may 
be applied, care being taken to set down the successive 
partial multiplications in their proper places, underneath 
those that have preceded them, relatively to the place of 
units. Thus: — 

04681572 01234560 

143187 1541320 



79586724 


1481472 


79586724 


1481472 


60860436 


1728384 


60860436 


1728384 



670340249964 1902852019200 

In the last example the two triads are 132, and 154, and 
^e successive multipliers, 12, 120, 14,000, and 140,000; 
ciphera being neglected excepting aa to the positions 
Ms^ed to the partial products. 
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To Multiply by any Numbeb of Nnnss. 

BuLE. — ^Add as many ciphers to the right-hand of the 
multiplicand as there are nines in the multiplier, and from 
the result subtract the original multiplicand, the remainder 
will be the product. 

Examples. 

1.— 'Multiply 2368 by 999. 2.— Multiply 37668 by 999999 

2368000 37568000000 

2368 37568 



Product 2366632 Product 37667962432 



Instead of the proposed multiplier, if we were to multiply 
by 1, followed by as many ciphers as there are nines in the 
true multiplier, it is obvious that the product would be too 
much by the multiplicand taken once. But by annexing 
the ciphers, as above, we do this in effect; so that once the 
multiplicand has to be subtracted in order that the true 
product may be obtained. 
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The operation for short division, that is, when the divisor 
is only a single figure or digit, is too simple, by the common 
method, to be susceptible of, or to need, any abbreviation ; 
but when the divisor consists of two or more digits much 
greater compactness may be given to the work by conducting 
it in accordance with the following rule. 

Kule. — 1. Place the divisor to the left of the dividend, 
as in the ordinary arrangement, and draw a horizontal at 
some little distance below the dividend. 

2. As in the common method, find how often the divisor 
is contained in the number given by the first few figures of 
the dividend, — two, three, or four, &c., as may be foimd 
necessary; and write the corresponding quotient-figure 
below this horizontal line, and directly under the last of 
the dividend figures used. 

3. MultipJj the divisor by this qvio\.i^Ti\.-?^^Q:x^^ ^^i^\xa5^ 
the result from the used figures oi tlio SaNSAaxL^^ «^^ ^^^^ 
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the figures of tlie remainder, one below another, as they 
arise, rertically under the next unused figure of the dividend. 
4. The fig^es, thus in rertical column (above the hori- 
zontal line), when read upwards, give the next number to 
which the division is to be applied ; and, as before, the new 
quotient-figure is to be written below tiie horizontal line, 
beside the first; and, also as before, the figures of the 
remainder, one after another, are to be written verticaUy 
under the next figure of the dividend ; and so on, as in the 
following examples. 

Examples. 

2.— 237869547-T-17 



1.-786647632-^14 



14) 78 



Quotient 5 6 



47 
12 
1 



81 



9 



17) 23 78 

66 

1 



10 rem. 



Quot. 1 



39 



232 



4!7 

1 



5 rem. 



In each of these examples, the two leading figures form 
a number which suffices for the first partial dividend. 
Taking the first of these examples, this number is 78, 
which contains 14, 5 times, leaving the remainder 8, which 
is placed rertically under the 6, the next figure of the 
dividend. The partial dividend is now 86, which contains 
14, 6 times, leaving the remainder 2. We now hare 25, 
which contains 14 once, leaving the remainders 1 from the 
5 and 1 from the 2. The next partial dividend is therefore 
114, which contains 14, 8 times, giving 2 for remainder ; 
and 27 contains 14 once, giving a remainder 3 £rom the 7, 
and 1 from the 2. The dividend now is 136, containing 
14, 9 times, leaving for remainders from the 6 and 1 
from the 3. The dividend, 103, gives 7 for quotient and 5 
for remainder; and, lastly, 52 gives 3 for quotient and 10 
for remainder. 

Of course the vertical lines, drawn above, would not be 
introduced in actual practice : they are marked here only 
the more clearly to show what figures are to be kept in 
column. 



3. 18) 395816432 
3767403 
1111 



4. 19) 437652789 

6068603 

11 



Quot. 21989801, 14 rem. 



Quot. 23034357, 6 rem. 



LONQ DIVISION. 9^ 

5. 28) 3U7869754 6. 32) 476987546 

36160557 5810792 

1 12 2 12 21 



Qnot. 112423919, 22 rem, Quot. 14905860, 26 rem. 

This method is giyen here chiefly on account of its con- 
ciseness : whether or not the computer can save time by 
employing it, will depend upon his degree of expertness in 
peiSorming Ihe two processes of multiplication and subtrac- 
tion at once. A different arrangement, involving the same 
double process, is that exhibited in the second worMng of 
the example below, in which, however, more figures have 
to be written down. 

7. 234) 78678543654 234)78678543654 (336233092 

45472169 847 

84577215 1458 

1 2 645 

774 

Quot. 336233092, 126 rem. 723 

2166 

594 
126 rem. 

The process in either case is a combination, in mental 
operation, of multiplication, addition, and subtraction. 
Thus, by inspection, it is seen that the first partial dividend 
comprises the three figures on the left 786, which contain 
the divisor three times. Then 3 times 4 are 12, from 16 
(borrowing 1), leaves remainder 4 ; 3 times 3 are 9, and 1 
(borrowed) are 10, from 18 (borrowing 1), leaves 8; 3 times 

2 are 6, and 1 (borrowed) are 7, which taken from 7 leaves 
no remainder. The next partial dividend, 847, contains 
(by inspection), the divisor 3 times, giving the second figure 
of the quotient. Then 3 times 4 are 12, from 17, leaves 5 ; 

3 times 3 are 9, and 1 are 10, from 14, leaves 4 ; 3 times 2 
are 6, and 1 are 7, from 8, leaves 1 ; giving 1,458 as the 
next partial dividend ; and so on. The difference between 
the two arrangements consists simply in the method of 
writing down the successive remainders which go to form 
the next partial dividend. 

It will be seen that each partial quotient, in the second 
operation, formed from the remainder and new figure 
brought down, is written horizontally, while ixx. th& ^*^ 

B 3 
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operation the same partial quotient is written vertically, 
and the bringing down of the successive figures of the divi- 
dend is thus dispensed with. A sufficient reason for the 
first operation is seen by comparing it with the second. 
Instead of writing the several quotient-figures below a 
horizontal line, drawn at some distance beneath the 
dividend, we may write them immediately under the 
dividend; placing the figures of the remainder, at each 
step, vertically over the next xmused fig^e of the dividend; 
as in the example here annexed. In -, -.t,-, 

this arrangement, we dispense with \ siioi 

the necessi^ of estimating the distance 21)567854635 

below the dividend at wnich the hori- 

zontal line should be drawn; and, 2/040696, 19 rem. 

moreover, the divisor, the dividend, and the quotient, have 
the same relative positions as they have in ^ort division. 
The learner may work the preceding examples in this 
maimer, and choose whichever he finds the more convenient 
arrangement. 



EEDUCnON. 

Money, Weights, and Measttees. 

Bedttction is the name given to those arithmetical opera- 
tions by which a quantity of one denomination is converted 
into another quantiiy of different denomination, but of the 
same value : the operation, for instance, by which pounds, 
in money, are converted into their equivalent in shillings, 
or pence, or farthings: hundred-weights or tons, into 
pounds, ounces, &c. ; or lengths, such as miles or furlongs, 
into yards, feet, and inches. This reducing of higher 
denominations into lower is sometimes called Reduction 
descending ; while the contrary operation, for converting the 
lower denominations into higher, as pence into pounds, 
ounces into himdred-weights, feet into miles, &c., is called 
Reduction ascending. 

In money calculations it is necessary that the computer 
should have what is called the Fence Table at his fingers' 
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Pence Table. 





8. 


d. 






8, d. 




8, d. 


12 pence 


are 1 





60 


pence 


are 5 


108 petice are 9 


20 „ 


1 


8 


70 




5 10 


110 , 


1 9 2 


24 „ 


2 





72 




6 


120 , 


, 10 


30 „ 


2 


6 


80 




6 8 


130 , 


, 10 10 


36 „ 


3 





84 




7 


132 


, 11 


40 „ 


3 


4 


90 




7 6 


140 , 


, 11 8 


48 „ 


4 





96 




8 


144 , 


, 12 


50 „ 


4 


2 


100 




8 4 


150 , 


, 12 6 



It should also be kept in remembrance that 

960 farthinff8 = 2i0 pence z= one pounds or 20«, 

Eeduction op Monet. 

General Eule. — All higher denominations are reduced 
to lower by multiplication; and all lower to higher by 
division. The pounds, multiplied by 20, are reduced to 
shillings ; the shillings, multiplied by 12, to pence ; and 
these are reduced to farthings by midtiplying them by 4 
On the other hand, farthings are reduced to pence by 
dividing by 4 ; pence to shillmgs by dividing by 12 ; and 
shillings to pounds by dividing by 20. In these operations 
the final denomination sought is reached by passing regu- 
larly through all the intermediate denominations in succes- 
sion, but in certain cases of frequent occurrence the final 
denomination may be arrived at by a single step, as in the 
following examples. 

Examples. 

1 . In £478 how many pence ? 

240 (No. of pence in £1) 

Ane, 114720^. (See page 3.) 

2. In £478 how many farthings ? 

960(No.offarth.in£l.) 

28680 
4302 



Ant. 458880/. 



Or shorter thus : 
478000 
19120 



468880/. 



Here we have multiplied the 
478 by 1000, which exceeds 960 by 
40; and have then ccrr«ctcd the 
product by subti acting 40 times 
the 478. 
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Examples — continued. 



3. In 1 14720ef . how many pounds F 
(See page 11.) 

240) 114720 
72 
89 
11 

Am, £478 



4. In 7376640/. howmany pounda ? 

960) 7376640 

664 

508 

683 



Am. £7684 



Note.— In general, however, it is better to work up to the higher 
denomination through the lower denominations, conformably to the 
Eule above, since some or all of these may enter the final result. 

Eeduction of Weights. 

To reduce a weight in one denomination to its equivalent 
in another denomination, whether higher or lower, certain 
Tables are necessary, which are mfferent for different 
classes of commodities weighed : they will be inserted 
here under their respective heads. 

Troy Weight, — ^Apothecaeies' Weight. 

24 grains (gr.) make 1 pennyweight (dwt.) = 24 grains 

20 pennyweights (dwt.) „ 1 ounce (oz.) r= 480 grains. 

12 ounces (oz.) „ 1 pound (lb.) [ = 6760 grains. 

As used by apothecaries, in compounding liquid medi- 
cines, the troy ounce is divided into 8 drams, and the 
dram into 3 scruples : the weight of the dram is therefore 
60 grains, and the weight of the scruple 20 grains. 

The following examples sufficiently show how this table 
is to be used, without any formal rule. 

Examples. 

1, How many grains are there in 
241b? 

24 lb. Or (see case 2, page 3 . ) 
12 6760 gr. in 1 lb. 
24 

288 oz. 

20 138240 gr. in 24 lb. 



6760 dwt. 
24 



138240 gr. 

2. In 14 lb. 11 oz. 19 dwt. 16 gr., 
J20W many gi. ? 



Here the weight is 15 lb. all but 
8 gr., so that 6760 X 15 — 8 = 
86400 — 8 = 86392 gr. 

3. Howmany spoons, each weigh- 
ing 4 oz. 10 dwt., can be made 
out of 2 lb. 4 oz. 6 dwt. of 
silver? 

As the weight of the silver is 
28 oz. 6 dwt., it is plain that not 
more than six spoons can be made, 
the weight of which is 27 oz. : 
hence there are 1 oz. 6 dwt. to 
spare. 
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Examples — continued. 



4. In 92517 gr. how many lb. 
taroy? 

3 92517 



8 

2,0 

12 



30839 



3854; 7X 3=21 gr. 



192; 14 dwt. 
16 lb. oz. 14 dwt. 21 gr. 



which is 3 grains, or three of the 
units in 92517, as is obvious : 
hence the 7 denotes 7X3 grains. 
If we had divided by 8 first, 
and then by 3, we should have 
got from the fibrat operation the 
remainder 5 ; these are of course 
5 grains : the remainder from the 
second division would have been 
2, each unit being eight grains : 
the complete remainder is there- 
fore twice 8 grains and 5 grains, 
that is, 21 grains. 



Here we divide by 3 and by 8, 
instead of by 24, for convenience. 
The remainder 7, from the division 
by 8, is not seven grains, but 
7 of the units in 30839, each of 

6. How many pounds troy are there in 138240 grains ? Ans, 24 lb. 

6. In 14 lb. 11 oz. 1 dwt. 16 gr., how many grains P Ana, 85960 gr. 

7. In 75 lb. 11 oz. 19 dwt. 23 gr., how many grains ? Ana, 437759 gr. 

8. In 16 lb. oz. 14 dwt. 21 gr., how many grains ? Ana, 92517 gr. 

9. How many pounds troy are there in 176360 grains ? 

Ana. 30 lb. 7 oz. 8 dwt. 8 gr. 

10. How many pounds troy are tbere in 85963 grains ? 

Ana, 14 lb. 11 oz. 1 dwt. 19 gr. 

11. How many grains are there in eight silver teapots, each weighing 

3 lb. 9 oz. 18 dwt. 13 gr. ? Ana. 176360 gr. 

12. In 7 oz. 5 dr. 3 scr., how many scruples ? Ana, 186 scr. 

13. How many pounds are there in 4896 scruples ? Ana, 17 lb. 

14. A patient takes 2 dr. 2 scr. of bark daily : how long will 7 lb. last 

him P Ana, 252 days. 

15. "What weight of gold will be required to make twelve ornaments, 

each weighing 1 oz. 18 dwt. 12 gr. Ana. 23 oz. 2 dwt. 

Note. — In this last example, we see that the weight of each ornament 
is 2 oz. less 1 J dwt. ; so that the weight of the twelve ornaments must 
be 24 oz. diminished by 12 times IJ dwt. ; that is, by 18 dwt., hence the 
weight is 23 oz. 2 dwt., which is thus easily determined without putting 
pen to paper. There are many similar cases in all arithmetical 
processes where the results may be determined, or the operation 
shortened, by mere inspection. 

Gold and Silveb Coins. 

The coins, gold and silver, in present use in the United 
Kingdom, are the following. 

Gold Coins. 

Sovereign, in value 20*., in weight 5 dwt. 3*274 gr. 
Half-sovereign, „ 10*., „ 2 dwt. 13637 gr. 

The above decimals are respectively 274 tkoM«»^SLdi\^^ 
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and 637 thousantlis of a grain. The amount of pure 
gold in a sorereign is (or should be) 113 grains and one- 
thousandth of a grain ; hut the whole weight of a new 
Borereign, expressed in grains, is 123 grains and 274 
thousandths of a grain. 

The coins are not entirely of pure gold, a metal which 
is too soft, and therefore too easily bruised and battered, 
to be well adapted for use, in its pure state, as money. It 
is sufficiently hardened by being mixed with an alloy, to 
the amount of one-twelfth (tV) of the whole weight, of 
copper ; so that the gold coin has only H of its weight 
pure gold. A mass of this mixed metal is called Mint 
Gold or Standard Gold, and is said to be 22 carats fine ; 
which means that if the mass, of whatever weight, be 
divided into 24 equal parts, or carats, 22 of those parts 
only will express l3ie weight of pure or fine gold, and the 
other two parts the weight of copper, in the mass ; so that 
into every pound troy of Standard Gold there enters one 
ounce of alloy. The Mint price of this standard gold is 
£3 17«. lOid, per ounce, or £46 14«. 6d. per pound; a 
pound of it is therefore coined into 46 H* sovereigns, or 
401b. into 1869 sovereigns. 

%* The legal standard for gold watch-cases is 18 carats 
fine. What is called the Siall mark (a crown and the 
figures 18), stamped by the authority of the Goldsmiths' 
Company on the case, is a warrant for this degree of 
purity, namely, that one-fourth part only is alloy. 

Stiver Coins. 
Crown-piece, in value 5«., weight, 18 dwt., 4'3636 gr. or 18 dwt. 4^- gr. 



Half-crown, 

Florin, 

Shilling, 

Sixpence, 

Four-penny-piece 

Three-penny-piece 



28.6d» „ 9 „ 21818 

28, Od, „ 7 „ 6-5454 

I2d. „ 3 „ 15-2727 

6d. „ 1 „ 19-6363 

id, „ 1 „ 5-0909 

3c?. „ „ 21-8181 



9 yy 2-ff „ 

7 if 6-]^: „ 

3 „ 15A „ 

1 » 19i^ „ 

1 >» ^h if 

„ 21A- ,, 



In standard silvt^r for coinage there are Hths of the 
whole of pure silver, and the remaining Aths of alloy ; so 
that a pound of standard silver contains 1 1 oz. 2 dwt. of 
fine silver, and 18 dwt. of aUoy; that is, 2 dwt. less than 

14i 29 
♦ 14*. 6rf., expressed as a fraction of £1, is £ -^ = £— . 
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an ounce : it is coined into 66 shillings, its Mint price 
being at the rate of 66d., or 58. 6d, an ounce. 

NoTB. — As already observed above, the word carat, when used in 
reference to the purity of the precious metals, denotes merely the 
twenty-fourth part of the entire mass ; but the same term, when 
employed in reference to the weight of diamonds, stands for 3^ grains. 
A diamond of the first water, that is, of the first quality, when without 
flaw and properly cut, is worth £8 if it weigh 1 carat ; it is worth four 
times as much, or £32, if it weigh 2 carats ; nine times as much, or 
£72, if it weigh 3 carats ; sixteen times as much, or £128, if it weigh 
4 carats ; and so on, the worth being estimated at £8, multiplied by 
the square of the number of carats. 

By Act of Parliament '' all articles sold by weight shall 
be by avoirdupois weight, except gold, silver, platina, dia- 
monds, and other precious stones, and drugs when sold 
by retail, and that such excepted articles, and none others, 
mav be sold by troy weight." 

Apothecaries, though always compounding their medi- 
cines by troy weight, yet buy and sell the ingredients by 
avoirdupois. 

AvoiEDUPOis Weight. 

16 drams make 1 ounce = 437 j^ grains. 

16 ounces „ 1 pound =7000 „ 

14 pounds „ 1 stone. 

28 pounds „ 1 quarter of a cwt. (hundred- weight). 

4 quarters „ 1 cwt. = 112 lb. = 8 stone. 

20 cwt. „ 1 ton z= 2240 lb. 

NoTB. — 1 pound avoirdupois is equal to 14 oz. 11 dwt. 15 J gr. troy ; 
so that If a person were to get a pound of any commodity, weighed by 
th« troy-pound-weight, he would get less than if the article were 
weighed by the avoirdupois-pound-weight : but if he were to receive 
an ounce, weighed by the troy-pound- weight, he would get more than 
if it were weighed by the avoirdupois-pound- weight ; for an avoirdu- 
pois-ounce is only 437J grains, whilst a troy-ounce is 480 grains, the 
grain being the same weight in both cases. 

Formerly the stone varied in different parts of the king- 
dom, from 8 lb. to 16 lb. ; but by an Act of Parliament, 
passed in 1834, the legal stone was fixed at 14 lb. : never- 
theless, butchers, in London and the suburbs, use a stone 
of 8 lb. for meat. 

Besides the above denominations used in avoirdupois 
weight, there are several others peculiar to the particular 
class of commodities weighed : thus the following denomi^ 
nations are employed for wool. 
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1 clovein J a stone = 7 
1 tod = 2 'stone = 28 
1 wey = 6J tod = 182 



Wool Weight. 
Av. lb. 



Av.lb. 

1 sack := 2 weys = 364 
1 last = 12 sacks = 4368 
= 39 cwt. 



And for hay and straw, the additional terms truss and 
load are used tiius : — 



1 truss of straw 
1 „ old hay 
1 „ new hay 



Sai/ and Straw. 

Av.lb. cwt. lb. Av. lb. 

1 load of old hay =18 = 2016 
new hay =19 32 = 2160 



>j 



= 36 
= 66 
= 60 






straw 



= 11 64 = 1296 



It will be seen from this table that 36 trusses go to a 
load, whether they be of straw or hay, new or old ; so 
that the term load here does not imply a fixed weight or 
number of pounds, but only a fixed number of trusses, 
namely, 36. 

There are several other articles of merchandize, of 
which certain weights carry particular names : the follow- 
ing are the principal of these. 

Miscellaneom Articles, 



Av.lb. 
A firkin of butter = 56 
A ,, soap = 64 

A barrel of „ = 256 

A ,, anchovies =: 30 



Av. lb. 

A puncheon of prunes =1120 

A bushel of flour = 56 

A sack of flour = 280 

A f other of lead, 19 cwt. 2 qr. = 2184 



A sack of coal weighs 2 cwt., or 224 lb. ; so that 10 sacks make a ton. 

The following are compendious methods of reducing 
hundred-weights, quarters, and pounds, to pounds. 

Ettlb I. — Multiply the cwts. by 12, adding in the overplus 
weight reduced to pounds. Write the result under the 
cwts., so that the place of hundreds may be directly under 
the place of units of the cwts., and then add. Or 

BiTLE n. — ^Eepeat the nimiber of cwts. imder itself ; repeat 

again, this time removing the figures one place to the left ; 

repeat still again, removing the figures one place more to 

^e left; then add the four rows up, takm^ in the odd 

pounds that are over and above the c^. 
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The following examples will practically illustrate both 
these short and conyenient rules. 

Examples. 

1. How many pounds are there in 123 cwt. 3 qr. 10 lb. P 
By the first rule, we have to multiply the 123 by 12, taking in the 
3 qr. 10 lb. in pounds, namely, 94 lb., placing the result, 1570, as 
directed, thus — 

cwt. lb. cwt. lb. cwt. lb. 

By Eule I. 123 94 By Rule 11. 123 94 or, 123 94 

1670 123 123 

123 1234 

Ans. 138701b. 12394 1239 



Ans. 13870 lb. Ans. 13870 lb. 



This last operation differs from that immediately preceding it only 
as to the manner of disposing of the odd 94 lb. It is mere matter of 
taste which arrangement be adopted. 

2. How many pounds are there in 26 cwt. 1 qr. 13 lb. P 

cwt. lb. cwt. lb. cwt. lb. 

By Eule I. 26 41 By Rule 11. 26 41 or, 26 41 

353 26 26 

26 261 

Ans. 2953 lb. 2641 264 



Ans. 29531b. Ans, 29531b. 



3. In 14 tons 17 cwt. qr. 3 lb., how many pounds P 
As 20 times 14 are 280, the weight in cwts. and lbs. is therefore 
297 cwt. 3 lb. 

cwt. lb. cwt. lb. 

By Rule L 297 3 By Rule 11. 297 3 

3567 297 

— — ^ 2973 

Ans. 33267 lb. 297 



Ans. 332671b. 



The explanation of these rules is as follows : take the 
last example. Multiplying 297 by 112 is evidently the 
same as multiplying it first by 100, and then adding 12 
times 297 to the result. But this result is 29700, and 12 
times 297 is 3564 ; and these are the two numbers which^ 
with the 3 lb., are added together aboN^; ^oviiortcai^ \si 
ihe Brst rale. 
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Again. In nmltiplying 297 by 112, in the usual way, 
we take 297 twice, thus getting 594, under which 297 is 
afterwards twice written down, but the figures are removed 
each time a place to the left, exactly as above. 

The first of these rules involves multiplication by 12, the 
second reqxdres addition only. We shall add two examples 
of the reverse operation, the bringing of lbs. into cwts. 



4. In 2963 lb. how many cwt. P 
(See page 7 for role for Division.) 

112) 2953 
1 

7 

26 cwt. 41 lb. 
= 26 cwt. 1 qr. 13 lb. 



5. In 13870 lb. how many cwt. ? 

112) 13870 
63 
24 



123 cwt. 94 lb. 
= 123 cwt. 3 qr. 10 lb. 

6. How many lbs. are there in 75 cwt. 3 qr. 14 lb. ? ulns. 8498 lb. 

7. How many lbs. are there in 976 cwt. 3 qr. 27 lb. ? Ans. 109423 lb. 

This example will of course be computed for 977 cwt., 
and then 1 lb. deducted from the result. In like manner 
the weight in the preceding example may be regarded as 
76 cwt., and 14 lb. be deducted afterwards. 

8. In 3 cwt. 2 qr. 14 lb. of sugar, how many half-pound parcels are 

there? Ans. 812. 

9. In 264 cwt. 3 qr. 12 lb. 11 oz. how many oz. P Ans, 474635 oz. 

10. In 249901 oz. how many cwt. ? Arts. 139 cwt. 1 qr. 22 lb. 13 oz. 

11. How many pounds are there in 24 bags of flour, each weighing 

2 cwt. 2 qr. 13 lb. ? Arts. 7032 lb. 

Some articles are sold wholesale (by tale) by what is 
called the Zon^ Hundred ; that is, by the six score or 120, 
instead of by the five score or 100. The following is a 
general rule for converting hundreds of the one kind into 
hundreds of the other kind. 



To reduce common hundreds to long hundreds j and the contrary. 

EuLE. — ^From the number of common hundreds subtract 
the sixth part of that number : the remainder will be the 
number of long hundreds. 

To the number of long hundreds add the fifth part of 
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that number: the sum will be the number of common 
hundreds: thus — 



1. 6) 468 common hundreds. 
78 



390 long hnndredfl. 



2. 5) 390 long hondredfl. 
78 



468 common hundreds. 



The reason is obvious : there will be only i as many 
long as there are common hundreds, seeing that t of 1 
long hundred == 1 common hundred; and i of any 
number is that nimiber minfM i of it. Also there must be 
H Bs many common hundreds as there are long hundreds, 
since H of the former make but 1 of the latter ; and 1 i- of 
any number is that number plus i of it. The examples 
following will suffice for exercise in this rule. 

3. How many long hnndreds are there in 320 common hundreds ? 

Am, 266|. 

4. How many common hundreds are there in 256 long hundreds ? 

Am, 307i. 

5. How many long hundreds are there in 24000 ? Ans. 200. 

6. How many common hundreds are there in 173 long hundreds ? 

Ans, 138f . 

The answer to example 3 impHes that there will be 266 
long hundreds, and 80 individual articles besides ; the 
answer to the 4th example shows that there will be 307 
common hundreds, and 20 articles over; and the answer 
to example 6 shows that there will be 138 common 
hundreds, and 40 articles besides. 

Seduction of Mbasitees. 

Measures, like weights, are reduced to equivalent mea- 
sures, having other denominations, by the aid of one or 
other of the following tables. 

I. Meastjees of Length, oh Long Measuee. 

The principal measures of length used in this kingdom 
are these : — 

12 inches make 1 foot. 

3 feet „ 1 yard. 

5^ yards „ 1 rod, pole, or perch. 

40 poles „ 1 furlong =r 220 yards.^ 

8 furlongs „ 1 mile = 1760 yards z= 5280 feet. 
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The old Scotch and Irish miles are respectiyely H and 
1^ English, so that 8 Scotch miles are equal to 9 English, 
and 11 Irish to 14 English. 

Surveyors measure land by the chain, consisting of 100 
links. The length of the chain is 4 poles, or 22 yards* =: 
66 feet, so that fiie length of a single link is the 100th part 
of 66 feet, that is, 7^^ = 7*92 inches. Distances both at 
land and sea are sometimes measured in leagues, the 
league being a length of 3 miles. It should be mentioned, 
however, that the land mile and league are not the same 
as the nautical mile and league; the nautical mile (the 
60th part of a degree of the equator) exceeds £he land mile : 
it is 6086 feet ; and the nautical league is three such miles. 
Sea-depths or soundings are measured in fathoms, the 
fathom being 6 feet. 

For the height of horses, the unit of measure is the 
hand = 4 inches ; so that a horse fifteen hands high is 5 
feet in height. 

Drapers and mercers use the measures, ell, yard, inch, 
and nul, but not the foot. The measures are as foUow : — 

Cloth Measure. 

2\ inches make 1 naiL 

4 nails „ 1 quarter (of yd.) 

4 quarters „ 1 yard. 

5 quarters „ 1 English ell, and 

6 quarters „ 1 Fr^di eU. 

Note. In early times the inch was estimated as the length furnished 
by putting together three grains of barley, end to end; and that 
*' three barley-corns make one inch," is a statement still retained in 
many tables of hnear measure. 

To reduce miles to yards, and the contrary. 

Etjle L — ^Multiply 1760 by the number of miles; but 
if this number consist of three or more figures, it will 
usually be found more convenient to work by one or other 
of the two rules foUowing. 

* This length is chosen for the surveyor's chain, for convenience in 
the calculation of acres of sur&ce: an acre being 4840 square yards, it 
z9 equal to 10 timGB a square chain, that is, to 10 square chains. 
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BxTLE n. — ^Multiply the number of miles by 44, then the 
result by 4, and annex a to the final product. Or : 

Rule in.— Multiply the number of miles by 16 in one 
line (Case 1), repeat this line of figures underneath, com- 
mencing one place back to the left, and then add up the 
two rows of figures, annexing to the result {v. Case 4, 
page 6). 

By either of these rules the miles will be reduced to 
yards. To convert yards into miles we must divide by 
1760. 

Examples. 

1. How many yards are there in 374 miles ? 

By Rule I. 374 By Rule II. 374 By Rule in. 374 

1760 44 16 



22440 
6358 


Ans. 

there in 
Y Rule II 

Ans, 


1496 
1496 


5984 
5984 


Ans. 658240 yds. 


16456 
4* 


Ans, 658240 yds 


Eow many yards are 

lulel. 2683 B^ 
1760 


. 658240 yds. 

2683 miles ? 

:. 2683 By 
44 

10732 
10732 


Rule III. 2683 
16 


160980 
45611 


42928 
42928 


Ans. 4722080 yds. 


118052 
4* 


Ans, 4722080 yds. 




. 4722080 yds. 





The operation by Eule I. requires no explanation : the 
multiplication by the 17 is performed in one line. Accord- 
ing to Rule II., the multiplication is by 44, 4, and 10 ; and 
44 X 4 X 10 = 1760. By Rule III., the number 176 is 
split into the two numbers 16 and 160 : the first row of 
figures in the work arises from multiplying by the 16, and 

* This multiplier may of course be used first, instead of last ; that 
is, we may multiply four times the number of miles by 44. 
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the second row being 10 times the first, arises from the 
multiplication by the 160 : the sum of the two rows is 
therefore the product arising from the multiplier 176, and 
annexed to this gives the product resulting from the mul- 
tiplier 1760. 

Although in multiplying by so small a number as 1760, 
the trouble and risk of error by the ordinary method are 
but little, yet by either of the methods H., HE., both are 
still less. It may be worthy of notice too that the three 4s, 
employed in the second rule, may serve to recall the number 
of yards in a mile, should it escape the memory. 

3. How many miles are there in 658247 yards, and in 4722084 yards, 
respectively ? [See Rule for Division, p. 7.] 

176,0) 65824,7 176,0) 472208,4 

00 062 
37 246 

1 11 



Am. 374 miles 7 yds. Ana, 2683 miles 4 yds. 

4. How many yards are there in 3057 miles ? Ans. 5380320 yds. 

5. How many miles are there in 1793440 yards ? Am, 1019 miles. 

6. How many feet are there in the earth's diameter at the equator, 

its measure in miles being 7925*648 miles? Am. 41847421'44 
feet. 

In this example we are required to reduce miles to feet. 

By the usual method of operating, we should multiply the 

number of miles by 6280, the number of feet in a mile. 

But the trouble will be somewhat lessened by employing 

the principle of Eule III. The number 628=44 x 3 x 4 ; 

and 44x3=132; so that, by the principle referred to, we 

f 12) 
may use the multipliers ■ .^ and 4 : we shall here exhibit 

the operation in juxtaposition with that by the common 
rule. 

7925-648 7925-648 

5280 12 



634051840 95107776 

15851296 95107776 

39628240 

1046185536 



Am, 41847421-440 feet. 4 



Am. 41847421-440 feet. 
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As the terminatiiig figures here are decimals, the final 
cipher is of course supeAuous. It is inserted merely that 
in the second method of working the principle explained 
above may be strictly conformed to. ^ 

There is the same amount of figure- work in the second 
as there is in the first of these operations ; but there is im- 
questionably some saving of head-work in the second mode 
of proceeding, and it is this kind of saving which is the 
main object of consideration in forming an estimate of a 
short method. 

n. Superficial or Square Measure. 

Table I., at page 1 9, is applied exclusively to the measure 
of lengths : this table is applied exclusively to the measure 
of surfaces. 

144 square inches make 1 square foot. 

9 square feet make 1 square yard. 
100 square feet make 1 square. 

272i square feet (30J sq. yds.) make 1 square rod, pole, or perch. 
40 square rods, or jjoles, make 1 rood=1210 sq. yds.=2j sq. chains. 

4 roods (4840 sq. yds.) make 1 acre=10 square chains. 
6^0 acres make 1 square mile=6400 sq. chains. 

Hence a piece of land which is equivalent in surface to 
a square each side of which is 10 chains, measures 10 
acres ; and a piece equivalent in surface to a square of 
which each side is 80 chains, measures a square mile, since 
80X80=6400. 

in. Cubic or Solid Measure. 

This measure is used whenever three dimensions, length, 
breadth, and thickness (or depth) are all taken into con- 
sideration. A cube is a figure in the form of the gambler's 
die, the three dimensions being all equal. When each 
dimension is an inch, the matter or space is a cubic inch of 
that matter or space ; when each dimension is a foot, it is 
a cubic foot, and so on. 

1728 cubic inches make 1 cubic foot. 
27 cubic feet „ 1 cubic yard. 

A cubic yard of earth is reckoned to bo 1 load. 

*^* These tables will come into application hereafter, in the calcula- 
tions of artificers' work. 
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MEASUEES OP CAPACITT. 

I. Dry Measube. 
(Chiefly for com, meal, flour, peas, beans, &c.) 



2 pints make 1 quart. 

4 quarts „ 1 gallon. 

2 gallons „ 1 i>eck. 

4 pecks „ 1 buaheL 

2 bushels „ 1 strike. 



4 bush, make 1 coomb. 
2 coombs „ 1 quar. = 8 bush. 
6 quarters „ 1 wey or load. 
2 weys „ 1 last, or 10 qrs. 
A pottle is half a gallon. 



%* The gallon measure contaios 277*274 cubic inches. 

n. WixE AND Spimt Measube. 



4 gills (or qtns.) make 1 pint. 
2 pints „ 1 quart. 

4 quarts „ 1 gallon. 



54 gallons make 1 hogshead. 
2 hogsheads „ 1 pipe or butt. 
4 hhds. (2 pipes) 1 tun. 



Note. — The lost three terms in this table — the terms hogshead, 
pipe, and tun, are names which are used more to designate the kind 
of casks than to denote defoiite measures of capacity. The measure of 
a pipe, namely, 108 gallons, given above, apphes exclusively to sherry 
wine; for port, daret, madeira, and other wines, the number of 
gallons to the pipe is different. But it is the practice to gauge the 
casks which bear the before-mentioned names, and thus to ascertain 
the number of gallons contained in them by direct measurement. 

m. Ale and Beeb Measxtbe. 

2 pints make 1 quart. 

4 quarts „ 1 gallon. 

9 gallons „ 1 firkin. 

2 firkins (18 gal.) „ 1 kilderkin. 

2 kilderkins „ 1 barrel = 36 gallons. 

3 kilderkins „ 1 hogshead = 54 gallons. 
2 hogsheads „ 1 butt =108 g^ons. 

2 buUs „ 1 tun = 216 gallons. 

Note. — Till the year 1826, the gallon was a measure of varying 
capacity, its cubic contents being different for different dry or liquid 
commodities measured by it : the wine gallon, the ale and beer gallon, 
and the com gallon, were all of different cubic contents. The imperial 
gallon is now the only legal gallon, and it alone is to be universally 
employed throughout the British dominions as the measure bearing 
that name, without any distinction as to the articles measured. It is 
enacted that the gallon shall contain 277*274 cubic inches, and as this 
number of inches is the cubic measure of 10 lbs. avoirdupois of distilled 
water (when the temperature of the air is at 62° Fahrenheit, and the 
barometer stands at 30 in.), we learn that 
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<* A pint of pure water 
Weighs a pound and a quarter." 

The weight, in grains, of a gallon of pure water, at the abore tempera* 
ture and pressure, is 70000 grains. 

IV. DivifliONS OP TncE. 

60 seconds make 1 minute. 

60 mkiutes ,i 1 hour. 

24 hours „ 1 day. 

28, 29, 30, or 31 days „ 1 calendar month* 

12 calendar months „ 1 year» 

865 days „ 1 common year. 

865^ days „ 1 Julian year. 

865 days 5 hours 48 minutes 48 sec. ss 1 solar year. 

The Bolar year is the time in which the earth makes 
one revolution in its orbit round the sun, or the time 
which elapses between the departure of the sun from the 
vernal equinox (or where its path crosses the equinoctial) 
till its return to the vernal equinox again. As the equi- 
noctial points shift a little, it is the interval of time, on the 
average — ^the Mean Solab Year, which 365 days 6 hrs. 
48 min. 48 sec. measures. This period of time is only 1 1 
min. 12 sec, or IHmin., short of 365^ days; and since, 
from neglecting the fraction of a day beyond the 365 days, 
the Boman calendar retrograded more and more from the 
true period of the year which it nominally indicated, 
Julius Ceesar caused it to be readjusted, and enacted that 
every fourth year afterwards should be a year of 366 days ; 
hence our bissextile, or leap-year, in which an additional 
day is added to the month of February every fourth year, 
the other years counting as 365 days only. But as the 
Julian year is 1 1 min. 12 sec. in excess, the error would 
be one day in excess in 129 years, another adjustment 
was, therefore, afterwards seen to be necessary ; and this 
important ^^Reformation of the Calendar y^^ as it is called, 
was accomplished by direction of the enlightened Pontiff 
Gregory XTTT., in the year 1582. As the error, in excess, 
of me Julian reckoning amounted to about three days in 
400 years, it was enacted that the additional day added to 
February, in ordinary leap-years, should be omitted in 
the years which completed centuries^ unless when these 





centenary years were multiples of the number 400. The 
error by tliia adjuGtment becomes so small that it amounts 
to only a day in about 3600 years. To compensate for tbe 
accumulated errors of the Julian reckoning, the Reformed 
Calendar commenced ■with, the suppression of ten of the 
days of the Julian Calendar, it being ordered that the 5th 
of October in that year (1582) should be called the I5th. 

The annexed table, shoving the number of days from 
one date to another, will occasionally be found useful ; it 
will be sufficiently understood from an example or two of 
its application. 

ExAICFt^ES. 

1. Required the number of ^7^ fro™ the 9th of May to the ITth of 
Septomber ia the same ;ear. OppodloMaj, on Uie right, will lis 
found 120, the number of days from 
the let day of January, incluaire, to 
the last day of April, inclnsire 1 beoce, 
adding the 9 days in May, we have 
129 <&ya, inclnding the 9th of May 
iteelf. Again, opposite September, on 
the right, is found 243, the number of 
days from tlio Lst of January, inolueive, 
to the lost day of Aui;ust, inclueix'e. 



3*? ; ?j 



SiS?:: 



lOS Jul)f ... 
IK AutfUBt. . 
llj Sejitomtar 



Of course, if the end of a leap-year Februaiy be included in the 

interval, another day must be added. 
2. How many days are there from Oie 5th of November, I3SS, to the 

16th of May (inoIusiTe), 1869 F 
Here some of the days are in one year, and the remaining dayi in 

the next year ; and we proceed (hue ; — 
Subducting the 6 days of November, already elapsed, from the 

SO days of November, there remain 2S days : add these to the 

Sldaya, opposite November, on the left; to the sum (66) add the 

1 20 opposite May, thus bringing the days to the end of April ; 

theo t^ng account of the IS days following the end of April, 

we have 192 for the total number of days from the fint given 

date to the second, including that second date. 
As before, if the end of aleap-year February occur iu the interval, 

another day must be added. 

It irjll bo observed that in the column immediately 
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following the colunm of Months, the number against any 
month expresses the number of days of the year which 
have elapsed before the 1st of that month. And in the 
column immediately preceding the colxmm of Months, the 
number against any month expresses the number of days 
requisite, after the last day of that month, to complete the 
year. The first column in the table merely gives the 
number of days in the first month of the year, in the first 
two months, tiie first three months, and so on, up to the 
whole twelve months ; while the last column expresses the 
number of days in each individual month. 

[For the purpose of calling these days to mind nothing 
can be more suitable than the well-known doggerel : — 

Thirty days hath September, 
April, June, and dull November, 
February hath twenty-eight alone. 
And all the others thirty-one. 
Except leap-year, and that's the sig^ 
That February has twenty-nine. 

or 

Leap-year coming once in four, 
February has one day mor^.] 

3. How many days are there from July 18 to December 27, inclusive, 

in the same year ? Ans. 162 days. 

4. llow many days are there from November 17, 1868, to September 

12, 1869 ? Ans. 299 days. 
6. How many days are there from November 17, 1867, to September 
12, 1868 ? Ans. 300 days. 



Divisions of the Circle. 

For certain purposes of calculation, where arcs of circles 
are concerned, it has been found convenient to regard the 
entire circumference of a circle (of whatever magnitude) 
as to be divided into 360 equal parts, and to call each of 
these parts a degree; the degree is further subdivided 
into 60 equal parts called minutes, and each of these 
again into 60 equal parts called seconds ; a portion of arc 
still smaller than a second is expressed as a fraction or 
decimal of a second. An arc of, say, 23 degrees 47 
minutes 13 seconds, is denoted thus, 23° 47' 1^'\ ^isl^ 

c 2 
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similarly in other cases. An arc of 90° is called a quad- 
rant. It may be well to mention that, from this mode of 
measurement, no estimate can be formed of the actual 
length of arc, unless that of the entire circumference to 
which it belongs be stated, since the term degree does not 
imply any definite length, any more than the word cir- 
cumference does. As the earth performs a complete 
rotation in 24 hours, the equator, and every circle parallel 
to it (every parallel of latitude), turns through a 24th part 
of the entire circumference, or 360°, every hour; that is, 
it rotates at the rate of 15° an hour. We can thus readily 
find the time corresponding to any given arc of the earth's 
rotation, or the diderence of time, at the same instant, 
between two places whose difference of longitude is given. 
The rule for doing this is as foUows : — 



To find the time corresponding to an assigned number of degrees^ 

minutes, and seconds of longitude, 

EuLE. — 1. Divide the number of degrees by 15 ; the 
quotient is the number of hours. 

2. Multiply the remainder (if there be a remainder) by 
4 ; the product is the nimiber of minutes of time. 

3. Divide the minutes of arc by 15 ; the quotient is the 
number of minutes of time. 

4. Multiply the remainder, if any, by 4 ; the product is 
seconds of time. 

5. Divide the seconds of arc by 15 ; the quotient is 
seconds of time. The sum of these results will be the 
hours, minutes, and seconds corresponding to the given 
arc. 

Examples. 

1. Required the time corresponding to 108° 24' 22". 

h. m. 8. 

Time for 108° .... 7 12 

„ 24' ... . 1 36 

„ 22" .... 1-47 



Time for 108° 24' 22" .... 7 13 37*47 



The decimal '47 ia written for the interminable decimal '466 .... 
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That the foregoing operations must lead to the correct 
result is pretty obvious. The complete quotient of 108 
divided by 15 is 7A ; so that 7-i^ hours correspond to 108 
degrees ; but the fraction of an hour is converted into 
minutes by multiplying it by 60 ; and 60 times 3 divided 
by 15 is 4 times 3. In like manner for the 24' ; 24 -f- 15 
= 1-A- ; and A X 60 = 4 times 9. As to the seconds of 
arc, 22 -f- 15 = liV ; and by proceeding in the same way 
with this fraction, we should get from it 4 times 7 thirds ; 
but as thirds of time are not used, the fraction is ex- 
pressed in decimals of seconds, namely, iV seconds = 
*4666 . . . seconds. 

2. Beqnired the time corresponding to 84° 42' 30''. Am, 6 h. 38 m. 50 s. 

3. Required the time corresponding to 93° 47' 41". 

Ant. 6h. 14 m. 30*728. 

4. Beqoired the time corresponding to 230° 32' 10". 

Am. 15 h. 22 m. 8*7 s. 



To find the angular measure corresponding to an assigned time. 

This problem is the converse of the preceding one : the 
rule is mis : — 

BuLE. — 1. Multiply the number of hours by 15; the 
product is so many degrees. • 

2. Divide the minutes and seconds of time by 4, and 
reckon every unit of remainder as 15', if minutes be the 
dividend, and as 15'^, if seconds be the dividend. 



Examples. 

1. What angular measure (or arc) corresponds to 3 h. 14 m. 23^8. ? 
For 3 h. . . . 45° 
„ 14 m. . . 3 30' 

,, 23 s. . . . 5 45" 



Angi lar Measure 48° 35' 45" 
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2. Find the angular measure for 2 h. 18 m. 58*26 s. 

For 21i. ... 30° 
„ ISm. . . . 4 30' 

„ 68-26 8. . . . 14 33-9" 

- 

Angular Measure 34° 44' 33-9'' 

The remainder from the 58*26 seconds is 2-26 ; and 15 times this is 
33*9. 

3. Find the arc corresponding to 5 h. 19 m. 37 s. Ans, 79® 54' 15". 

4. What angular measure corresponds to 2 h. 18 m. 58-27 s. ? 

Am. 34° 44' 34". 

5. Kequired the degrees, minutes, and seconds, corresponding to 

7 h. 13 m. 37-4666 . . .8. Ana. 108° 24' 22". 



COMPOUND MULTIPLICATION, 

OB MULTIPLIOATION OF QUANTITIES MADE UP OF DIFFEREiTr 

DENOMINATIONS. 

We commence the practical application of the particulars 
tabulated in the last few pages with Compound Multipli- 
cation, because the easy operations of addition and sub- 
traction, as taught in every schoolboy course of arithmetic, 
admit of no simplifications or abridgments ; and because, 
moreover, these operations will actually be involved in the 
working of most of the examples which follow. Previ- 
ously, however, to entering upon these, we shall give a 
table of the factors of Composite Numhers^ as far, at least, 
as the number 10000. A composite number is one that 
admits of decomposition into integral factors ; that is, it is 
a number that may be produced by the multiplication 
together of whole numbers only. When the multiplier of 
a quantity made up of several denominations is a com- 
posite number of two or three figures, it is, in general, 
much more convenient to multiply by the factors of it, one 
after another, than to multiply by the higher number 
itself; and the Table will point out what these lower 
multipliers, in each case coming within its limits, are. 
And it will hereafter be seen that, even in the case of a 
non-composite, or prime number, as it is called, a refer- 
ence to the table will always suggest a saving of trouble, 
and diwinish the risk of error in tla.e ^otk. Those com- 
posite numherB, the factors oi -wlincb. ai^ ^n^'q.Vs "Osi^ 
multiplication table itself, axe here oniiUe^^ 
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A Table of those Factors of the Composite Numbers from 75 to 10000 



1 




»«W«^fc 


«T " "r ■ " n* 


VJL&V/ JfcJ*J 




%.^-m^^rvm w A 'V 








No. 


Factors. 1 


No. 


Factors. 


No. 


Factors. 




76 


6 


5 


3 


405 


9 9 6 


1029 


7 7 7 


3 




98 


7 


7 


2 


432 


12 9 4 


1066 


12 11 8 






105 


7 


6 


3 


441 


9 7 7 


1078 


11 7 7 


2 




112 


.8 


7 


2 


448 


8 8 7 


1089 


11 11 9 






126 


6 


6 


6 


462 


11 7 6 


1126 


9 6 6 


6 




126 


9 


7 


2 


484 


11 11 4 


1134 


9 9 7 


2 




128 


8 


8 


2 


486 


9 9 6 


1162 


12 12 8 






136 


^ 


6 


3 


495 


11 9 6 


1156 


11 7 6 


3 




147 


7 


7 


3 


604 


9 8 7 


1176 


8 7 7 


3 




164 


11 


7 


2 


512 


8 8 8 


1188 


12 11 9 






162 


9 


9 


2 


625 


7 6 6 3 


1216 


9 9 6 


3 




165 


11 


6 


3 


628 


12 11 4 


1226 


7 7 6 


5 




168 


8 


7 


3 


539 


11 7 7 


1232 


11 8 7 


2 




175 


7 


6 


5 


667 


9 9 7 


1296 


12 12 9 






176 


11 


8 


2 


676 


12 12 4 


1323 


9 7 7 


3 




189 


9 


7 


3 


588 


12 7 7 


1331 


11 11 11 






192 


12 


8 


2 


594 


11 9 6 


1344 


8 8 7 


3 




196 


7 


7 


4 


605 


11 11 6 


1372 


7 7 7 


4 




198 


11 


9 


2 


616 


11 8 7 


1375 


11 6 5 


5 




216 


12 


9 


2 


625 


5 6 6 6 


1386 


11 9 7 


2 




224 


8 


7 


4 


648 


9 9 8 


1408 


11 8 8 


2 




225 


9 


6 


5 


672 


12 8 7 


1452 


12 11 11 






231 


11 


7 


3 


676 


9 6 6 3 


1458 


9 9 9 


2 




242 


11 


11 


2 


686 


7 7 7 2 


1485 


11 9 5 


3 




243 


9 


9 


3 


693 


11 9 7 


1612 


9 8 7 


3 




246 


7 


7 


6 


704 


11 8- 8 


1536 


8 8 8 


3 




262 


12 


7 


3 


726 


11 11 6 


1568 


8 7 7 


4 




256 


8 


8 


4 


729 


9 9 9 


1575 


9 7 6 


5 




264 


11 


6 


4 


736 


7 7 6 3 


1584 


12 12 11 






275 


11 


6 


6 


766 


12 9 7 


1617 


11 7 7 


3 




288 


12 


12 


2 


768 


12 8 8 


1694 


11 11 7 


2 




294 


7 


7 


6 


784 


8 7 7 2 


1701 


9 9 7 


3 




297 


11 


9 


3 


792 


12 11 6 


1715 


7 7 7 


5 




308 


11 


7 


4 


826 


11 5 6 3 


1728 


12 12 12 






316 


9 


7 


5 


847 


11 11 7 


1764 


9 7 7 


4 




324 


9 


9 


4 


864 


12 9 8 


1782 


11 9 9 


2 




336 


12 


7 


4 


876 


7 6 6 6 


1792 


8 8 7 


4 




343 


7 


7 


7 


882 


9 7 7 2 


1816 


11 11 5 


3 




362 


11 


8 


4 


891 


11 9 9 


1848 


11 8 7 


3 




363 


11 


11 


3 


896 


8 8 7 2 


1875 


5 6 5 6 


1 3 




376 


6 


6 


6 3 


924 


12 11 7 


1925 


11 7 5 


5 




378 


9 


7 


6 


946 


9 7 6 3 


1936 


11 11 4 


4 




384 


8 


8 


6 


968 


11 11 8 


1944 


9 9 8 


^ 


\ 


386 


11 


7 


6 


972 


12 9 9 


\*2.Q\^ 


\ ^ 'ii* 'V N.\ 


/ 396 


/ * 


r 


7 i 


1008 


12 12 7 


X'm}. 


A ^ ^ 


^ ^\ 


^ 11 


p 


' \ 


1024 


8 8 8' 


lyi^^ 


.%\ ^ '^ 


'^ 


V 
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Table of Composite Numbers and tbeir Factors — continued. 





No. 


Factom. 


No. 


Facton. 


No. 


Facton. 




2058 


7 7 


7 


6 


3872 


11 11 8 4 


6468 


12 11 7 7 




2079 


11 9 


7 


3 


3888 


9 9 8 6 


6534 


11 11 9 6 




2112 


11 8 


8 


3 


3969 


9 9 7 7 


6561 


9 9 9 9 




2156 


11 7 


7 


4 


3993 


11 11 11 3 


6615 


9 7 7 6 3 




2178 


11 11 


9 


2 


4032 


9 8 8 7 


6655 


11 11 11 5 




2187 


9 9 


9 


3 


4096 


8 8 8 8 


6776 


11 11 8 7 




2205 


9 7 


7 


5 


4116 


12 7 7' 7 


6804 


12 9 9 7 




2268 


9 9 


7 


4 


4125 


11 5 5 5 3 


6860 


10 7 7 7 2 




2304 


9 8 


8 


4 


4158 


11 9 7 6 


6875 


11 5 5 5 5 




2352 


8 7 


7 


6 


4224 


11 8 8 6 


6912 


12 9 8 8 




2376 


11 9 


8 


3 


4235 


11 11 7 5 


7056 


9 8 7 7 2 




2401 


7 7 


7 


7 


4312 


11 8 7 7 


7128 


11 9 9 8 




2464 


11 8 


7 


4 


4356 


11 11 9 4 


7168 


8 8 8 7 2 




2475 


11 9 


5 


5 


4374 


9 9 9 6 


7203 


7 7 7 7 3 




2541 


11 11 


7 


3 


4375 


7 5 5 5 5 


7392 


12 11 8 7 




2592 


9 9 


8 


4 


4455 


11 9 9 5 


7425 


11 9 5 5 3 




2625 


7 5 5 


5 


3 


4536 


9 9 8 7 


7546 


11 7 7 7 2 




2646 


9 7 


7 


6 


4608 


9 8 8 8 


7560 


12 10 9 7 




2662 


11 11 


11 


2 


4704 


12 8 7 7 


7623 


11 11 9 7 




2673 


11 9 


9 


3 


4725 


9 7 5 5 3 


7744 


11 11 8 8 




2688 


8 8 


7 


6 


4752 


11 9 8 6 


7776 


12 9 9 8 




2695 


11 7 


7 


5 


4802 


7 7 7 7 2 


7875 


9 7 5 5 5 




2744 


8 7 


7 


7 


4851 


11 9 7 7 


7938 


9 9 7 7 2 




2772 


11 9 


7 


4 


4928 


11 8 8 7 


7986 


11 11 11 6 




2816 


11 8 


8 


4 


5082 


11 11 7 6 


8019 


11 9 9 9 




2835 


9 9 


7 


5 


5103 


9 9 9 7 


8064 


9 8 8 7 2 




2904 


11 11 


8 


3 


5145 


7 7 7 5 3 


8085 


11 7 7 5 3 




2916 


9 9 


9 


4 


5184 


9 9 8 8 


8192 


8 8 8 4 4 




3024 


9 8 


7 


6 


5292 


12 9 7 7 


8232 


8 7 7 7 3 




3025 


11 11 


5 


5 


5324 


11 11 11 4 


8316 


12 11 9 7 




3072 


8 8 


8 


6 


5346 


11 9 9 6 


8448 


12 11 8 8 




3087 


9 7 


7" 


7 


5376 


12 8 8 7 


8505 


9 9 7 6 3 




3125 


5 5 5 


5 


5 


5445 


11 11 9 5 


8575 


7 7 7 5 6 




3136 


8 8 


7 


7 


5483 


8 7 7 7 2 


8624 


11 8 7 7 2 




3168 


11 9 


8 


4 


5544 


11 9 8 7 


8712 


11 11 9 8 




3234 


11 7 


7 


6 


5625 


9 6 5 5 5 


8748 


12 9 9 9 




3267 


11 11 


9 


3 


5632 


11 8 8 8 


9072 


9 9 8 7 2 




3375 


9 5 5 


5 


3 


5775 


11 7 5 5 3 


9075 


11 11 5 5 3 




3388 


11 11 


7 


4 


5808 


11 11 8 6 


9216 


9 8 8 4 4 




3402 


9 9 


7 


6 


5832 


9 9 9 8 


9261 


9 7 7 7 3 




3456 


9 8 


8 


6 


5929 


11 11 7 7 


9317 


11 11 11 7 




3465 


11 9 


7 


5 


6048 


12 9 8 7 


9375 


5 5 5 5 5 3 




3528 


9 8 


7 


7 


6075 


9 9 5 5 3 


9408 


8 8 7 7 3 




3564 


11 9 


9 


4 


6125 


7 7 5 5 5 


9504 


12 11 9 8 


3584 


8 8 


8 


7 


6144 


12 8 8 8 


9604 


7 7 7 7 4 


J B645 


9 9 


9 





6174 


9 7 7 7 2 


9625 


11 7 5 5 6 


367S L 


7 7 6 


6 


3, 


6237 


11 9 9 7 9702 


11 9 7 7 2 


' 3696 / 


11 8 


7 


6 / 6272 1 


8 8 7 7 "i . 9%0l 


11 11 9 9 


3} 


^781 


11 7 7 


7/6336 U 9 ft %1 


\ Si^5<i 


yU ^ 1 ^. \y 
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Case 1. 

W%en the muUtplUr is a composite number, in which no factor 

greater than 12 neceeearily enters. 

BttIiE. — ^Multiply the quantilr by one of the factors 
(none of them exceeding 12) of the multiplLer, the product 
by another, this result oy another, and so on, till all the 
factors have been used. 

Examples. 



1. 72 cwt. at 6«. 7|e^. per cwt. 
72 = 12 X 6. 

6 7f 
12 



79 9 
6 

2,0) 47,8 6 

Ans, £23 18«.6ef. 



Since 12 times any number of 
pence is obviously that number of 
shillings, 12 times 7f pence is 7f 
shillings; that is to say, Ts, 9d, ; 
hence the result of the tiist mul- 
tiplication is 79«. 9d, 

Again, 6 times 9d, are 9 six- 
pences = 4f . ^, : hence Uie final 
result is 478«. 6d,f or £23 ISs. 6d. 

4. Multiply 8 lb. 5 oz. 17 dwt. 4 gr. troy by 28 = 7 X 4. 



2, 96 yards at 1«. lO^d, per yard. 
96 = 12 X 8. 

1 10} 
12 



22 



9 
8 



2,0) 18,2 
Ant. £9 28, Od. 



3. 42 cwt. at £4 lOs, 7d. per cwt. 

42 = 7 X 6 
£ «. d, 
4 10 7 

7 



31 14 1 
6 



Am^ £190 is, 6d. * 



IbB. 
8 



oz. 
5 



dwt. 
17 



gr. 
4 

7 



59 



4 

4 



Ant, 237 lb. 8 oz. Odwt. 16 gr. 



8 
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6. Multiply 17 lb. 7 oz. 9 dr. ayoirdupois, by 168. 

By a reference to the foregoing table, we find that 168= 8 X 
7X3: we may therefore multiply by these factors in succession. 



lb. 
17 


oz. 

7 


dr. 
9 
8 


139 


12 


8 
7 


978 


7 


8 
3 


2935 lb. 6 oz. 8 



6. Multiply JS19 135. bid. by 28. Am. £550 ISs, Zd. 

7. Bequired the price of 16 cwt. of tallow at £1 18«. M. per cwt. 

Ans, £30 18«. %d, 

8. At If. lOfef. per lb., what will 96 lb. cost ? Ans, £9 2^. 

9. Multiply 23 miles 1 furlong 31 perches 2 yards by 266. 

Ans. 6025 m. 6 fur. 4 per. 3 yd. 
10. Multiply Is. lO^d. by 7986. Ans. £3152 16*. l\d. 



Case 2. 

When the multiplier is not a composite number; or, leing a 
composite number y when any of its factors a/re inconveniently 
large, 

[The number 69, for instance, is a composite number, 
since it has integral factors, namely, 23 and 3 ; but 23 is a 
multiplier which is inconvenient for compotmd multiplica- 
tion. The present case includes all numbers in each of 
which an integral factor higher than the number 12 neces- 
sarily enters ; as also, of course, every number which has 
no integral factors at all, except the number itself and 
unit, that is, every prime number.] 

EuLE. — 1. Refer to the table for the composite number 
which is the nearest in value to the given multiplier, and 
use, as in the last case, the factors of it. 

2. Multiply the quantity by the difference between the 
given number and that taken from the table ; and if the 
tabular number be less than the given one, add the pro- 
duct; li it be greater, subtract the product. 
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Examples. 



1. 79 yards at Is, lOd. jjeryard. 

Here the nearest composite 

number to 79 is 75 = 6 X 5 

X 3, so that we work thus : 

«. d., 

7 10 
5 



1 19 



5 



9 15 



10 
3 



29 7 6 

Add 111 4 for 4 yds. at 
7«. lOd, 



Am, £30 18«. lOd, 



2. Multiply 13 acres 3 roods 
17 poles, by 511. 
The nearest composite number 
is 512 = 8 X 8 X 8. 



acres. 


roods. 


poles. 


13 


3 


17 
8 



110 



16 
8 



886 



3 



8 
8 



7094 1 24 

Sub. 13 3 17 for 1 



Am, 7080 ac. 2 rd. 7 po. 



3. What is the price of 114 stone of meat at lbs, Z\d, per stone ? 

Ans, £87 5». l\d, 

4. What sum of money must be divided among 108 men, so that each 

may receive £14 6«. 8^^. ? Ans, £1548 4«. 6d, 
6. Multiply 2 sq. yd. 8 ft. 128 in. by 663. Ans, 1679 sq. yd. 7 ft. 
129 in. 

When the given multiplier has J, ^^ or J connected with 
it, disregard the fraction, and proceed as above ; then for 
J add a fourth part of the quantity multiplied to the result, 
for J add half that quantiiy, and for f add half and the 
haK of that half ; or if the multiplier actually used exceed 
that given by a fraction, subtract. (See Example 8) 

6. 1171 gallons at \2s, 6d. per gallon. 

117 = 112 + 5, and 112 = 8X7X2. 
$. d. 
12 6 
8 



5 



7 


35 


. 
2 


70 
3 

Ans. £73 




2 6 for 6 gallons, at 12s, 6d, 

3 IJ i> i ft ft 
bs, 7id, 
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7. 85| cwt. at £1 7s* Sd, per cwt. 

85 z= 84 -f 1, and 84 = 12 X 7. 
£ $, d. 
I 7 8 
12 



16 


12 




7 




116 


4 







1 


7 


8 for 1 cwt. 




13 10 for ^ 


i)= 




6 


11 for i 


£118 


12» 


, hd. 





cwt. 



8. What 18 tlie price of 87f bushels of wheat at 4«. Zd, per bushel ? 

87 = 88 - 1, and 88 = 11 X 8. 

4 3 Or better thus; since 87} = 88 — J. 
11 £ «. 4. 



4 3 

2 6 9 11 

8 

2 6 9 

18 14 8 

Sub. 4 3 for 1 bushel. 

18 14 



18 9 9 Sub. 1 Offer} bush. 

\ 0} } *^' i ^^^- Am, £18 12«. 11}^. 



Am, £18 12«. \\\d. 



9. Multiply 16<» 61' 43" by 231}. Ans, 3907° 46' 20}". 

10. Multiply 19 days 13 hours 27 minutes by 443}. Ans, 8670 d. 3 h. 

42 m. 46 s. 

11. Multiply 9 oz. 17 dwt. 20 gr. by 616}. Aim, 6096 oz. 14 dwt. 19 gr. 

12. Multiply 14 tons 13 cwt. 2 qr. 11 lb. by 243}. Am, 3678 tons 4 cwt. 

2 qr. 7} lb. 
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Remarks on the real eharflcter of Multiplication, and on some 

erroneous opinions respecting it. 

Multiplication, whether simple or compound, is a short 
way of finding the result of addition, and it is nothing 
more than tms. The midtipHer always egresses the 
number of things, each equal to the multiplicand, that 
are to be incorporated into one sum ; and this sum, by 
the operation of multiplication, is furnished by the pro- 
duct. The midtiplier, therefore, can never be anything 
but an abstract number ; it can never be a commo<Uty, as 
a sum of money or a weight of goods ; nor yet any measure 
of length, surface, or capaciiy; it simply denotes how 
many repetitions, or times, some other abstract nimiber, or 
concrete quantity, is to be taken and exhibited in one 
whole, l^ere is no such thing as midtiplication except by 
an abstract number : a multipHer always expresses a num- 
ber of times, and never concrete things ; tne number of 
times, namely, that a proposed quantify, be it concrete or 
not, is to be taken, and aU these repetitions of the same 
individual thing (or equivalents of that thing) incorporated 
in one whole ; and this whole must, of course, necessarily 
be the same in kind as each of the individual quantities, 
themselves aU of one kind, of which it is composed. When 
the multiplier is a whole number and a fraction, it directs 
us to take the midtiplicand that whole number of times, 
and also to add in the proposed fractional part of a time. 
The multiplying a quantity by a number, whole or mixed, 
or fractional, means the taking that quantity the proposed 
number of times, together with the proposed fractional 
part of it, and finding the whole sum without the trouble 
of writing down these items and then adding them all up. 

As to tne apparent practical departure from the above- 
mentioned general principle in the particular instances of 
computing surfaces and solids from their given linear 
dimensions, we shall show, in the next article, that the 
departure is only apparent ; and that the rules for such 
computations are wo^ed as they are solely for brevity of 
expression, and as a sort of artificial aid to the memory of 
the computer, as to the successive steps of the mere figure- 
work. 
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At page 23 we Iiave given a table of superficial or sqnare 
measure, as it is aometimea called, the inches, feet, &c., in 
that table being ezduBively square inches, feet, &c. By a 
square foot, or inch, is meant the surface, or area, of a 
square, each aide of which is a linear foot, or a linear inch ; 
BO that when a surface is said to measure 10 square feet, 
the meaning is that it is equal in area to 10 times the 
snrface of 1 square foot. 

The simplest kind of plane figure is the rectangle, a 
figure of four sides, each pair of opposite sides being equal 
and parallel straight lines. The square is itself a rect- 



B 

D 



angle ; but in this particular kind of rectangle, not only 
are the opposite sides equal sides, hut the sides are all 
four of them equal. A general rule for computing the 
area of a rectangle, from knowing the measures of the 
length and breadth of it, may be deduced thus : — 

Suppose the length of the proposed rectangle to be 18 
feet, and its breadth 14 feet ; and let it be represented by 
the above figure, A B C D. Let the length A B be 
divided into 18 equal parts, and the breadth A C into 14 ; 
then if parallel lines be drawn from the points of division, 
as here represented, the rectangle wiU be cut up into 
squares of which each aide measures one foot. By count-' 
io^ these aquares, we find that the rectangle contains 252 
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square feet ; but since we know that there are fourteen 
horizontal rows of squares between A B and D, and that 
each row consists of eighteen squares, the exact number of 
squares will be found by simply multiplying 18 by 14 ; 
hence 18 x 14 = 252 = the number of square feet in the 
surface. Here the 18, the 14, and the 252, are abstract 
numbers : we have multiplied the number of feet in the 
length by the number of feet in the breadth, and we know, 
from the above diagram, that the result is the number of 
square feet in the rectangular surface ; and it is plain that 
the area would be found, in a similar maimer, if the 
length and breadth had each been any other nxmiber of 
feet. And if a fraction of a foot had been added to this 
number of feet, the operation would still have been that of 
ordinary multiplication : thus, in the foregoing example, 
if the length had been 18J feet, then a vertical row of 
half -squares would have been added to the vertical row B 
D of fourteen whole squares, and each of the fourteen 
horizontal rows would have consisted of 18J square feet, 
so that the number of square feet in the rectangle would 
have been 14 times 18^^, or 259. If with this length, the 
breadth had been 14 J feet, then a row of quarter-squares 
would have been added to the horizont^ row C D of 
eighteen whole squares, together with a quarter of the 
half -square already added on at D, since a vertical column 
of half-squares has been added on at B D ; hence the 
entire number of squares is 14 times 18J together with J 
of 18J; that is, the nxmiber of square feet is 18^^ x 14 J 
= 263 1, which is thus got, as before, by simply multiply- 
ing the number of feet in the length by the number of feet 
in the breadth. 

From these particular illustrations it is obvious that, 
whatever be the length and breadth of a rectangle in feet 
and fractions of a foot, the number of square feet in the 
area of it is found by multiplying the number of linear 
feet in the one dimension by the number of linear feet in 
the other ; and that the numbers thus multiplied together 
are abstract, not concrete numbers ; that is, we do not 
multiply feet by feet. 

When, however, the linear dimensions involve fractions 
of a foot, it is usually the more convenient course to convert 
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the fractaons into decimals, for the work ; thus, writing 
18-5 for 18^^, and 14*25 for 14J, we should 14.26 
multiply as in the margin. The decimal 18-5 
•625 Ft. may be converted mto inches by multi- 
plying it by 144, the number of square inches 25660 
in a square foot, or by multiplying by 12 and 



12. The result is 90 square inches, so that the 263*625 Ft. 

area of the rectaagle is 263 Ft. 90 In. We 

write the initial letters of the feet and inches in capitals, 
in order to distinguish them from linear feet and inches ; 
this form should, we think, be generaUy used, to save the 
trouble of always inserting the word *' square." 

But there is another way of calculating the area, usually 

practised by workmen, when the linear dimensions are 

taken in feet and inches. This is by cross midtiplication. 

Take the instance already considered, the length of the 

rectangle being 18 ft. 6 in., and its breadth 14 ft. 3 in., or, 

as it is usually expressed, tibie dimensions being 18 ft. 6 in., 

by 14 ft. 3 in. Now as in ordinary multiplication we 

carry the number of tens, so here we must carry the 

nimiber of twelves. In 6 X 3 = 18, there is 1 twelve, 

therefore, to be carried, and the overplus 6 to be put down ; 

18 6 in 18 X 3, plus the 1 carried, that is, in 55, there 

14 3 are 4 twelves, and 7 over. The first line of the 

■~ — - — " multiplication is therefore to be written as in the 

259 Q margin ; it expresses 4 + -jV + tJt, just as 4*76 

expresses 4 + iV + rfo • The 7, in the above 

263 7 6 work, denotes seven-twelfths of one of the units 
in the 4, and the 6 denotes six-twelfths of one of 



the units in the 7, or six 144ths of one of the units in the 4. 
For the second line of the work we have 6 x 14 = 84 = 
seven twelves, and nothing over ; and this seven added to 
18x14 gives 259. The product is therefore 263 7 6, so that 
the area of the rectangle is 263 square feet, 7 twelfths of a 
square foot, and 6 square inches. The twelfth of a square 
foot is 12 square inches, therefore the area is 263 Ft. 90 In., 
or, as at page 39, 263i Ft. 

It is customary to call the twelfth of a square foot a 
Party certainly a very vague designation. Using this 
term, however, the foregoing result would be read, 263 Ft. 
^ FtB, 6 In. It would be far better, however, to call these 
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Parts twelftlis, meaning twelfths of a square foot, each 
'* Part " being a surface one foot in length and one inch 
in breadth ; these Parts, or twelfths, are, however, usually 
turned into Inches, and the result expressed in Feet and 
Inches, and fractions of Inches only. 

It should here be mentioned that in the numerical opera- 
tion above, we have arranged the steps of the work just 
as they would be arranged if we had been dealing with 
ordinary decimals instead of with duodecimals, in order 
that the strict analogy between the two processes may be 
clearly seen. But in actual practice this conformity of mere 
arrangement is usually departed from, the second line of 
the work being placed first, agreeably to the following : — 

Kttle for computing the surface of a rectangle. Set down 
the two dimensions one under the other, feet imder feet, 
and inches imder inches, and work as follows : — 

1. Commence with the feet in the multiplier, and multi- 
ply each term of the multiplicand, beginning with the 
inches (or lowest denomination), by that number. For 
every 12 in the product carry 1 ; and write the overplus, or 
remainder, under that term of the multiplicand which has 
supplied the product. 

2. In like manner multiply the multiplicand, beginning 
as before with the lowest denomination in it, by the num- 
ber of inches in the multiplier, rejecting, as before, the 
twelves in the product (carrying 1 for each 12), and here 
write the remainder one place further to the right of the term 
multiplied. Add the twQ lines together, and the result will 
be the area in Feet, Parts, and Inches. 

Shoidd the given dimensions consist of more than two 
duodecimal denominations (feet and inches), and include 
twelfths of inches, and even twelfths of one of these 
twelfths, the same course is to be followed. At each 
multiplication the term first written down is to be removed 
one place more to the right, since a unit of each multiplier 
(after the feet) is always one-twelfth of a unit of the 
immediately preceding multiplier, and the denominations, 
from left to right, imiformly descend by twelfths. See 
the third working of example 9, at page 43. 

NoTB. — For the more easy recollection of the denonunations to which 
each partial result in the seyeral steps of the work refers, it is common 
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to say (and for this purpose only, allowable to say) that feet multiplied 
by feet produce Feet ; inches multiplied by inches produce Inches ; and 
inches multiplied by feet produce Farts, or (which is a better term) 
twelfths of a Foot. 

We shall now give a few examples, commencing with the example 
already worked, under the slightly different arrangement alluded to 
above. 

Examples, 

feet, inches. feet, inches. feet, tnches. 

1. 18 6 2. 17 9 3. 22 5 

14 3 20 6 16 11 



259 356 358 8 

4 7 6 8 10 6 20 6 



263 Ft. 7Pts. 6 In. 363 Ft. lOPts. 6 In. 379 Ft. 2Pt8. 7In. 



And, turning the Parts into Inches, these seyeral results are : 
263 Ft. 90 In., 363 Ft. 126 In., and 379 Ft. 31 In. 

4. Find the area of a rectangle, the dimensions being 8 ft. 5 in. by 

4 ft. 7 in. Ans. 38 Ft. 83 In. 

5. Required the area of a rectangle 9 ft. 8 in. by 7 ft. 6 in. 

Ans, 72 Ft. 72 In. 

6. What is the area of a rectangle 75 ft. 7 in. by 9 ft. 8 in. P 

Ans, 730 Ft. 92 In. 

7. Find the area when the dimensions are 75 ft. 9 in. by 17 ft. 7 in. 

Ans, 1331 Ft. 135 In. 

8. Find the area when the dimensions are 179 ft. 3 in. by 38 ft. 10 in. 

Ans. 6960 Ft. 126 In. 

9. Bequired the area of a plank 20f feet long and 12^ inches broad. 

Ans. 21 Ft. 88J In. 

As fractions occur in these dimensions, we shall give the 
work first by cross multiplication and then by the ordi- 
nary methods. 

feet. in. feet. in. in. 

20 9 20 9 = 249 

1 Oi 12J 



20 9 2988 
10 ^ 124J 

21 Ft. 7 Pts. 4i In. 12) 3112J In. 
= 21 Ft. 88J In. 1 



12) 259 Pts. 4J In. 

21 Ft. 7 Pts. 4 J In. 
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The first method is evidently the shorter and the more 
convenient; but the following mode of working (the i 
being replaced by six twelfths), is upon the whole to be 
preferred. We shall indicate the twelfth of a linear inch 
by a dash ('). 

feet. in. ' 

20 9 

1 6 



20 9 

10 4 6 (SeetheRuiB.) 



21 Ft. 7 Pts. 4 In. €r=21 Ft. 88} In. 

Among mechanics, generally, linear measurements are 
not taken to a greater nicety than the 16th of an inch, their 
divisions of the inch being the half, the quarter, the eighth, 
and the sixteenth. In cross multiplication these are all to 
be replaced by their equivalents in twelfths, and this is 
easily done, for 

l_6^ 1 3 l__3_l} JL_1_1 

2 — 12» 4~12' 8~24—12' 16"-48"-12' 

that is, using, as above, the simple dash to mark twelfths 
of a linear inch, the double dash to mark twelfths of these 
twelfths, and so on, we have 

in. in. in. in. 

Ill 133 \ 

2=6'; J =3'; 3= 1' 6" ; ^Q^^^of V =jof 12"z=9". 

10. Find by duodecimals the area of a rectangle measuring 7 ft. 6 J in. 
by 3 ft. 5J in. Ans, 25 Ft. 8 Pts. 6 In. 2' 3" ; or 26 Ft. 
102 A Ins. 

It may seem that we have worked this last example to an 
imnecessary degree of precision. A practical man would 
reject from his result the small portions of surface marked 
2f and 3^^ , the reversed dashes being used here to distin- 
guish these portions of surface from the linear measures 2' 
and 3". Yet, that the result may be correct to the nearest 
square inch, he must first compute it to this extent, 
rejecting the insignificant parts of it afterwards. 

When the highest denomination in the linear measure- 
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ment exceeds feet, as yards, poles, &c., this higher denomi- 
nation must be reduced to feet. The result being obtained 
in square feet, &c., it may then be converted into square 
yards, &c., as in the following example. 

11. How many square yards are there in a carpet 7 yd. 1 ft. 4 in. long 
and 5 yd. 2 ft. 3 in. wide ? 

^ feet. in. 
22 4 
17 3 



379 8 
6 7 



9) 386 Ft. 3 Pts. =42 Yd. 7 Ft. 36In.=42Td. 71 Ft. 

12. What is the area of a rectangle 13 yd. 2 ft. 9 in. by 6 yd. 1 ft. 
7 m. ? Am, 76 Yd. 8 Ft. 61 In. 



COMPOUND DIVISION. 



Theee are two distinct aspects under which division 
should be viewed. When we are required to divide a con- 
crete quantity by an abstract number, as, for instance, by 
4, 9, 24, &c., the demand is to determine the 4th, 9th, 24th, 
&c., part of that quantity ; but when we are required to 
divide one concrete quantity by another concrete quantity 
of the same kind, then the demand is to find how many 
times the divisor is contained in the dividend ; and the 
quotient, or answer to the inquiry, is then always an 
abstract number. If it be required to divide £34 16«. Sd, 
by 24, the answer (to the nearest farthing) is £1 9«. 0J(?., 
this being the 24th part of the given sum ; but if we had 
been required to divide by 24«., that is, to find how many 
sums, each equal to £1 4^., are contained in £34 16^. Sd,, 
the answer would have been 29 of such sums with Sd. 
over; in other words, that £34 16«. Sd, contains 24*. 29 
times with Sd, to spare. 

In order that he may have correct notions of what he is 
about, the reader should be careful to discriminate between 
these two kinds of division; to notice that when he is 
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required to divide a concrete quantiiy by a mere ntunbery 
the quantity is supposed to be cut up into that number of 
equal parts, and his business is to find the value of one of 
those parts; and that when he is required to divide one 
concrete quantity by another, then he is to find how many 
times the one quantity is contained in the other : 4ie does 
not here get a concrete quantity for his result, as in the 
former case, but an abstract number. 

From these observations, the reader will at once see that 
however repugnant to common sense it may be (and pure 
nonsense it certainly is) to speak of midtipl3dng money by 
money, yet we may propose to divide money by money, 
that is, to find how many times a smaller simi is contained 
in a ^eater, with strict propriety. If money be the 
multiplicand, the midtiplier must be a mere number ; if 
money be the dividend, the divisor may be either a mere 
number, or be itself money : in the former case the 
quotient will be money, in the latter it will be an abstract 
number. 

We shall now give the necessary rules for these two 
cases, illustrating them by suitable examples. 

Case I. 
JFhen the divisor is an abstract number. 

Rule. — ^Apply the divisor to the leading, or highest, 
denomination in the compound quantity, and if the divisor 
do not exceed 12, put the quotient underneath; reduce 
the remainder to the next lower denomination, and add it, 
thus reduced, to the term of that lower denomination in 
the dividend. Divide the sum in the same way, reducing 
the remainder to the next lower denomination, and adding 
in the term of like denomination in the dividend, as before ; 
and proceed in this way from term to term to the lowest 
denomination. 

And if the divisor be greater than 12, but be composed 
of factors none of which exceed 12, we may still proceed 
by short division as above directed, with each of these 
factors in succession, instead of dividing at once by the 
composite number itself. Whether the proposed divisor 
can or cannot be decomposed into factors suitable for the 



tf miKinRr 



miBiBiiiL re s^izc^ crnsdniL ^vy hkst disooTer at once by 
»»c*aiiw T^ '^tf^ Tsoik jc Twre SI. But idien the diyisor is 
m ]i«9Ct> xnnlHrc, 'Uif isuson of ^ribkii ave unsuitable for 
'diiiiii> fmwiKscvf ^nrs crrisKiiL sti^^ rednee the oompoimd 
NSX»TT i;^ 7^ jr^wi^a BenomiiuaMft in it, and iken diTide. 
ur cnfidjir.7 ^v^L V^ i^ cizsaaatT in tliat lowest denomina- 
tvn;. ^ikdnk mar ^ Icvq:^:^ into i^ higher denomination 

X;«s;. — ir>(jQ: "Sbr xfxmtSoc in 1^ Inf^iWif dfffwninjition. actually 
Moaaow lihf ^Trsuj^-.^vrr msx i^oi^l^ j&TBor to it at 0Oj0e,and rednce 
iK^Mft »«&«a» )r xbr j^^iiPtai MunduBum aftervaida. (See Ex. 3.) 






4 TJiO li 4 



f^ :<>ii S 1 

:^ 52 1« 6 . , 1 

^ 4 1^ lliL . 1 

XtiMT, a$ alrM^ txi^jOMd ^^ ll\il»e tracdoa of a penny belonging 
U> tH$ £iuJ ^w>«Kttt» i$ I X <^+ 1 dixiML liir 7 X 6, or 42 ; that is, it 
» A^*--* <^ <«MKSUiUi of a penny ;* 90 Uuit the som, to be rendered 
actfuruie^ d)T»d>)ie >^y 1^ i£o«Qd be diminished by 168 ol these 
sixths Uiftt is;« sin<<« ^|^is ^ ^Sii:.^ ii sitonid K^ dizmnislked by 2s. Ad. ; 
or else' it shovild b^ incrtMisx^ by 1$$ faxtbiags lt>ss tius sum ; which 
incz>ctti^ is 1 j:. :^4\ In tbc foinner cask\ the exact 16Sth part would be 
£4 12f. lli^^ and in the Utt<T, a fanhin; mon than this. We shall 
here wOT-k the example nnicx Koh these chinges. 

♦ The complete quotient f^.^m the divisor 6 is £S2 10<. 6iL -|- ^if. ; and 
the next complete quotient is lhen?iore £4 12$. 1 Irf. 4. |if. J. ^. ; and 

the sum of these two fractions is -7^— +:i= A* 



6) 


195 


3 


4i 


7) 


32 


10 


H 




£4 


12«. 


md 
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£ t. d. £ t d. 

4 ) 780 10 4) 780 13 6 

6) 195 2 6 

7) 32 10 5 
£4 12a. lid. 

This work merely verifios the above conclusion, reached at once with 
scarcely any work at all ; and when any sum is proposed for division, 
and we find, upon trial, that accurate division, without fractions of a 
farthing, is impracticable, we thus see how readily we may find the 
smallest amount by which the proposed sum must be diminished or 
increased in order that the required part of it may be practically 
payable in existing coin. 

3. £837 13«. 6d, is to be equally divided among a ship's company of 

273 persons ; what will be the share of each ? 
As we see, by a reference to the table at p. 31, that 273 is not decom- 
posable into motors suitable for short division, we must proceed by 
long division, as follows : — 
The lowest denomination being 6d., we shall reduce the sum to 

sixpences. 

£ », d, £ ». d. £ 8. d. 

837 13 6 Or, better thus : 273)837 13 6 (3 1 4^ 
20 819 



16763 18 

2 20 



sixpences. 



273) 33507 (122 = 61». = £3 1*. 
273 



620 
546 



747 
546 

201 
6 



1206 (id. 
1092 



114 
4 



373 (1*. 
273 


100 


12 


1206 (id. 
1092 


114 


4 


456 (1 far 
273 


183 



456 (1 far. 
273 



183 Ant. £3 1*. i^d. +mf. 
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4. Divide £64 195. by 36. Ans. £1 16«. 1^. 

5. Divide £46 14«. 6d. by 24. Ans. £1 ISs lljrf. 

6. Divide- 315 days 17 hours 37 minutes by 112. 

Ans. 2 days 19 hours 39 minutes 26} seconds. 

7. Divide 128° 45' 52" by 125. Ans. 1° 2' 48" + •^". 

8. Divide 496 miles 5 furlongs 2 perches by 594. 

Ans. 6 furlongs 27 perdies 3 yards. 

9. Divide 7080 acres 2 roods 7 poles by 511. Ans, 13ao. 8 rd. 17 po. 
10. Divide 1679 sq. yd. 7 sq. ft. 129 sq. in. by 563. 

Am. 2 Yd. 8 Ft. 123 In. 

*«* Why the initial letters in this last answer are capitals is ex- 
plained at page 40. 

Case II. 

WTien the divisor is a concrete quantity, 

EuLE. — Eeduce the two quantities to the lowest denomi- 
nation that occurs in either of them, and then perform the 
division with the results: the quotient will express the 
number of times the smaller of the two concrete quantities 
is contained in the greater. 

Examples. 

1. How many times is £2 Ms, Sd, contained in £18 Zs. ? 

The lowest denomination here is pence ; we have therefore to reduce 
both divisor and dividend to pence, and to perform tiie division with 
the results, thus : — 

£ $. d. £ 8. d. 

2 17 8 18 3 

20 20 

57 363 

12 12 



692 692) 4356 (6 
4152 



204 retn, = 17s. over. 



Hence the smaller sum is contained in the greater six times, with 

204 pence to spare. If the £18 Zs. be diminished by this, that is, by 

17«., it will then contain the £2 lis. %d, exactly 6 times. As it is, how* 

ever, the greater contains the less 6 times and the f St of that less 

besides. 
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2. How many parcels, each weighing 9 oz. 17 dwt. 20 gr., may bo 
made np out of 380 lb. 10 oz. 14 dwt. 19 gr. ? 



oz. ( 
9 
20 


iwt 
17 


20 
nmnber of dwt. i 


in 1 oz. 


lb. oz. dwt. gr. 
380 10 14 19 
12 = number of oz. 


in 


lib. 


197 
24 


~— 


number of gr. in 


L 1 dwt. 


4670 
20 








788 
396 








91414 
24 








4748 


gr- 


in each parcel. 




365665 
182829 






• 








4748) 2193955 (462 
18992 
















29475 
28488 
















9875 
9496 
















a79 









It thus appears that the number of parcels is 462, and that there 
will be 379 grains to spare ; hence the greater weight contains the 
smaller 462 ^A times. 

There are no means of abridging operations of this kind. 

3. Divide £46 14«. 6d. by £3 17«. lO^d, Am, 12. 

4. Divide 2 tons 13 cwt. 5 lb. by 3 qr. 17 lb. Ans, 6S^. 

5. Divide 8631 days 48 minutes 45 seconds by 19 days 13 hours 27 

minutes. Ans, 441^. 



COMPENDIOUS METHODS OF CALCULATION IN 

SPECIAL CASES. 

In the preceding pages we have given general rules of 
operation universally applicable to all inquiries coming 
under the several heads into which the subjects treated of 
have been divided; and, in a few instances, we have 
replaced hackneyed methods by shorter modes of proceed- 
ing. It is our purpose now to explain how, by the exercise 
of a little ingenuity, and by means of certain obvious 
expedients, these general rules may, in special cases, be 
put aside altogether ; and particular rules, expressly appli- 
cable to such cases, and involving less numerical work, be 
substituted for them. 

In the various avocations of civilized life, those in which 
calculation is essential are usually such that each distinct 

D 
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calling brings into exercise one particular class of 
arithmetical operations much, more frequentiy than any 
other class : that portion of arithmetic which might do very 
well for the draper and the mercer, would not suffice for 
the carpenter or the bricklayer; and what might fully 
answer the requirements of either of the latter would be 
insufficient for the spirit merchant or the banker: they 
would, indeed (viewed commercially), be quite useless to him. 
We shall here give a series of special rules of calculation, 
for ready use in special commercial and handicraft callings ; 
and shall in each case show the consistency between the 
abbreviated operation and the more lengthy process of 
ordinary arithmetic. By these compendious rules of com- 
putation, in special instances, numerical work may be 
shortened, and time and labour economized. But since 
certain of these compendious rules involve frequent use of 
fractional parts of the £ and of the shilling, we shall first 
give a Table of all such fractional parts as can be expressed 
in current coin ; the numerator of each fraction being 1. 

Table of Fractional Parts of £\ and of la. 



I iriu.= 



Parts of £1. 


Parts of U, 


1 = 


10«. 


J — 6rf. 


6«. 8^. 


1 = 4^. 


j_ 


bs. 


i = 3^. 


4«. 




* = 


3«. 4^. 


^ = 2ef. 


4 = 


2*. Qd. 


4 - ij^. 


1^- 


2«. 




A- 


1*. M, 


-h^ \d. 


tV = 


Is. id. 




A- 


l8, Zd, 


^—id. 


ife = 


l8. 




A = 


IQd, 


A=lrf. 


* = 


Sd, 




A = 


lid. 




i^ = 


6d. 




A = 


6d. 


A=irf. 


;A7 = 


id. 




A = 


S^d, 




Vir = 


Zd. 




A = 


2\d, 




Tiir= 


2d, 




Tiy= 


\\d. 




iriu. — 


Id. 





Note. — All these fractions of a 
shilling are, of course, also frac 
tions of £1 ; found, in each case, 
by multiplying the denominator 
by 20. "We thus have : — 
£xJ5 = ^d. 



£^h = id. 
^ihi = id. 



\* We thus see that the shil- 
ling (48 farthings) has nine 
different divisors or factors, and 
that the pound (960 farthings) 
has twenty-seven. 



COlfPENDIOUS CALCULATIONS. 51 



Fboblem 1. 

To find how many articles of the same Jcind^ may he hotight for 
a given number of pounds {without shillings or pence) ^ 
when the price of one is an even number of shillings. 

By the general rule at p. 45, we should bring the given 
pounds into shillings, in order that both sums may be of 
the same denomination; we should then divide the number 
of shillings, thus obtained, by the number of shillings in 
the price of one article; the quotient would be the nimiber 
of articles required. To bring the pounds into shillings 
would require a multiplication by 20; but as, here, the 
divisor is an even number, we take advantage of this 
circumstance, and divide half the dividend by half the 
divisor; that is, we work by the following special rule, 
observing that a number is multiplied by 10 by simply 
annexing to it a cipher. 

HtTLE. — ^Annex a cipher to the given number of pounds, 
and then divide by half the given number of shillings. 



Examples. 

1. If a yard of cloth cost 8*., how many yards may be bought for £16 ? 

160 -f- 4 = 40 yards. 

2. How many yards, at 6«. per yard, can be bought for £48 ? 

480 -f- 3 = 160 yards. 

3. How much sugar, at 30^. per cwt., can be bought for £80 P 

15) 800 



63J cwt. = 63 cwt. 1 qr. 9J lb. 



Here the fraction which completes the quotient is i^-, which, in its 
lowest terms, is i ; and i cwt. is f qr. = 1 1 qr. = 1 qr. -f-^*lb. =: 1 qr. 
9} lb. And this little additional work may be readily executed mentally . 
In the following example, however, the use of the pen will be found 
necessary. 

4. If 1 cwt. cost 265., how much can be bought for £80,? 

The work, at length, is as follows. 

B2 
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13) 800 






61 cwt., 


7 remainder. 
4 




13) 


28 qr. 

2 qr.y 2 rem. 
28 

13) 56 lb. 

4 lb., 4 rem. 
16 

13) 64 oz. 






4 oz., 


12 rem. 
16 




13) 


192 dr. 



Ans, 61 cwt. 2 qr. 4 lb. 4 oz. 14^ dr. 

5. How many cwt. of batter, at 42;. per cwt., can be bought for £126 ? 

Atis, 60 cwt. 

6. How many tons of coals, at 24«. a ton, can be bought for £25 ? 

Atts. 20 tons 16| cwt. 

7. How many barrels of ale, at 708, per barrel, can be bought for £27 ? 

Am. 7f, or 7 bar. 25| gal. 

8. How many gallons of brandy, at 32«. per gallon, can be bought for 

£34? Ans. 2ligaX. 

Note. — In some of the examples to which the foregoing rule is 
applicable, a mode of proceeding even more easy and convenient may 
be employed: we refer to those instances in which the price, in 
shillings, of the single article, ends with a cipher; as 30«., 50«., 70«., 
&c. ^us, taking example 3, where the price of 1 cwt. is 30«., this 
price in pounds is £|^ = £| : therefore | becomes the divisor of the 80 : 
but since the quotient remains the same, by whatever number both 
dividend and divisor are multiplied, we may here take the double 
of both ; that is, 160 for dividend, and 3 for divisor ; when the work 
will be simply this — 



3)160 

63-J cwt. 

In like manner if the price had 

been 70«., then instead of dividing 

800 by 35, we may divide twice 

SO hy 7 (which is easier) and we 

Bhall get the same result. Both 

'uethoda are here exhibited. \ 



36) 800 (22f J = 22f ; or 7) 160 

70 

22? 
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And similarly in all inch cases ; tlie general precept being ibis :— 
Suppress the final in the price, and oiTide twice the given number 
of pounds by what is left. For, expressing the price in poundsi— 

ZOs. = £^-? z= 4; 60*. = £^= 4; 70*. = £^9 = d; 
20 2 20 2 20 2 

90*. = £??=:£^.; 
20 2 

and so on, for 110#., 130«., &c. ; the multiplier for the given number of 
pounds being always 2, and the diyisor the number of shillings, when 
the final in that number is expunged. Of course, we do not notice 
here the cases in which the price is 20«., 40*., 60«., &c., because as these 
sums express £1, £2, £3>, &c., respectively, we should merely have to 
divide the given number of pounos by the number which denotes the 
price of the single article. ) 

There are cases, too, in which the number of shillings in 
the price is odd, which deserve special mention ; the cases, 
namely, in which that number terminates with a 5 ; as 15, 
25, 35, 45, &c. Every such number is divisible by 5 ; and 
since 20 is also divisible by 5, we have — 

15.. = ijJ-J = 4; 25.. = £| = £« ; 35.. = £^ = £1, &c. ; 

the multiplier of the riven number of pounds being always 
the fifth part of 20 (namely, 4), and the divisor, the fiith 
part of the nimiber of shillings ; it beinc^ remembered that 
to divide by a fraction we merely turn that fraction upside 
down (or reverse its terms), and multiply : thus, if we are 
required to find how many articles at 35«. each can be 
bought for £21, we have— 

21 -r -? = 21 X t = 12, the number required. 
4 7 

In like manner, if the price of one were lbs., the number 
purchasable for £21 would be— 

21-^lJ = 2lxi = 7xl = | = 6?. 

The general precept, in all such cases, is this, namely — 
Divide 4 times the number of pounds by a fifth part of the 
number of shiUings. So that, in these two examples^ all 
that need be put upon paper is 

Irt. 2LX4 = 12. 2nd. ?1X 4 ^ 28 ^ . ^ 

7 16 6 
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And Rimilarly in every instance in which the price of the 
single articley in shillings, is a number ending with the 
figure 5. 

Pbobleic 2. 
The price of one article being given, to find the price oftwehe. 

It is evident that 12 articles, at any number of pence 
each, win cost just as much as ihat number of artidles at 
12 pence, or 1 snilh'ng each ; hence the 

BuiiE. — Call the pence which one article costs shillings ; 
and we shaU thus haye the price of twelye. 

ExAiin.Es. 

1. If a pound of sugar cost Id., what will 12 lbs. cost? A»i9, 7s. 

2. If a yard cost 6W., what wiU 12 yds. cost? Ant. 6l«. = 6«. 6^. 

3. If a yard cost 9ld., what wiU 12 yds. cost ? Am. dlt. = 9«. ^. 

4. If a yard cost bfd., what will 12 yds. cost ? Am. 5fs. = bs. 9d. 

5. If a pound cost U. 4\d., what will 12 lbs cost ? 

1«. 4^. = 16^. ; and 16^8. •=. 16«. 6<f., the Am, 

6. If a piece of calico cost bt. 3|^., what woidd 12 such pieces cost ? 

b$. ^4. = ^^d. ; and 63f «. = £3 Zt. 9«., the Am. 

7. What is the price of 12 oz. of siWer, at 4«. 7 iV. per oz. ? As the 

price per oz., in pence, is to be regarded as so many shillings, we 
have to detennine what -^ of a shilling is.* Multiplying there- 
fore the fraction by 12, we have — 

—a. = — rf. = ~d.=i 2H-J 80 that,'8ince 
16 16 4 * ' 

4; . 7d, = bbd. ; and that bSs. = £2 15«-, therefore bb^s, = £2 lbs. 2ld, 

Problem 3. (Convebsb of Peob. 2.) 

Hie price of twelve being given in shillings, to find the price of 

one. 

The price of one will of course be the twelfth part of 
the price of twelve ; and since the twelfth part of every 
shilling is a penny, the rule is as follows : — 

Eule. — ^As many shillings as twelve cost, so many pence 
will one cost. 

* See, however, the Table at page 50 for -^s,, which is 3 farthings, 
and theietoTe iV* ^ ^ fSarthings, or 2\d, ^ 
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Examples. 

1. If 12 pigeons cost 8«., what is the price of one ? Ans, Sd. 

2. If 12 yds. cost 16«., what is the price of 1 vd ? Ans, I6d. = U, id. 

3. If 12 pairs of socks cost 4; . 8^., what will one pair cost ? 

The cost of 12, in shillings, is 4i«. ; hence the cost of 1 is iid. 

4. If 12 gallons cost £1, what is the price per gallon ? 

Ans. 20d. = U, Sd. 

5. If a dozen pairs of gloves cost £1 7«.» what is that per pair ? 

Ans. 27d. = 2*. dd. 

6. If I give £1 lis. 9d. for 12 lbs. of tea, what does it cost me per lb. P 

£1 I7s. 9d. = 37|«. ; hence the cost per lb. is 37|(?. = ds. Ifef. 

Pboblem 4. 

2^ price of one being given in pence, to find the price of any 
number which is a multiple of 12; that is, which contains 
12 without remainder. 

Rttus.— Call the pence shillings, and then multiply by 
the number of twelves. For me price of 1 twelve is 
twelve times that of 1. 

Examples. 

1. What is the price of 24 yards of calico, at 3}<?. per yard ? 

3}*. = 3«. 9d.f which multiplied by 2, gives 7«. 6d., the Atis. 

2. What are 36 lbs. of sugar worth, at i^d. per lb. ? 

4^9. =: 48. 6d., and 5iree times this is 135. 6^., the Ans. 

3. Eequired the cost of 72 lb. of meat, at d^d. per lb ? 

9^8. = 98, Zd., and six times this is £2 15;. 6^., the Am, 

4. 96 door-locks, at 3«. 7id. each P 

3«. lid. = 43J<?., and 43i«. = £2 3« 6d. : this X 8 = £17 8#. 

5. 120 pairs of gloves, at 28. Hd. a pair ? 

28. dhd. = 27J^., and 27}«. X 10 = 275*. = £13 16*. 

6. 120 gallons of rum, at 13«. 10^. per gallon? 

13«. lOd. = 166<?., and 166«. X ^ = £^ = £83. 

* 20 2 

Note. — As in this example there are 10 twelves, it is obviously only 
necessary to divide the number of pence (regarded as so many pounds) 
in the price of one gallon, by 2. we might have done the same in the 
preceding example: thus, £27 10*. -f- 2 = £13 15*. A general rule 
may often be advantageously departed from in particular examples 
coming under it. 

7. 132 quarters of barley, at £1 13*. 9d. per quarter? 

33*. 9d. = 405^;., and 406*. X H = 4465*. = £222 15*. 

8. 108 yards of cloth at 2a. 9J^. per yard ? 

33J*. X 9 = 301J*. = £15 la. 6d. 

9. 84 yards of sillc velvet, at 9*. 8J^. per yard ? 

116|*. = 116*. 9d,; which, X 7, is 817*. dd. = £40 17*. Zd. 
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Problem 5. 

Hie price of one leing given, in pence, to find the price of any 
number which is not a multiple of 12. 

Eule. 1. — ^Find the number of twelves in the proposed 
number, and reserve the remainder. 

2. Compute for this multiple of 12, as in last problem ; 
then multiply the price of one by the reserved remainder, 
and add me product to the former result. Or, increase 
the aforesaid multiple of 12 by a unit, and compute by it ; 
then multiply the price of one by what the remainder 
wants of 12, and subtract. 

Examples. 

1. What is the price of 26 J stone of wheat, at 17^. per stone ? 
Here there are two twelves in the proposed number, with 1^ 

remainder ; hence, proceeding by the Bule, — 

17«. Qd. X 2 = £1 15j. Od, 

thenl7HXli={ ' % t't\. 

£1 17«. 2J<?., the ^;«. 

2. 137 lbs. of worsted, at 17i^. per lb ? Here 137 -f- 12 = 11, 5 rem, 

17*. 6<?. Xll = £9 12». 6<f. 
and 1«. 5\d, X 6 = 7 3J 

£9 19«. 9\d., the Am, 



104 yards of cloth, at 8*. 6|rf per yard P 104 -f. 12 = 8, 8 rem. 
As the remainder here is omy 4 less than 12, we shall increase the 
multiple (8) of 12, by 1, and then employ this 4. 

8*. 6}rf. = 102i(?. ; and 102f *. = £6 2*. ^d, 

£6 2a. 9(f. X 9 = £46 4». 9d. 

8a. 6i<f. X 4 = 1 14 3 Subtract, 

£44 10a. 6d., the Afi8, 



4. 76j gallons of rum, at 14a. 8Jrf. per gallon P 76J -^ 12 =z 6, 4j r«w. 
14a. Bid. = 176jrf. ; and 176Ja. = £8 16a. Sd, 

£8 16a. 6ef. X 6 == £62 19a. Od, 

iA. fti^vAi — / 2 18 10 for the 4. 
14a.8KXH = | 7 4i for the J. 



£56 68, 2^rf., the Jus, 
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5. 90 lbs. of tobacco, at Zs, Q^d, per peund P Ans, £15 18«. 9d, 

6. 47 cwt. of flour, at 16«. 8}^. per cwt. ? ^^««. £39 d«. 3|//. 

7. 52 acres of land, at £1 Ss. 6d, per acre ? Ans, £61 2«. " 

The converse of this problem, which is — From the price 
of any ntunber of articles, not a multiple of 12, to find the 
price of a single article^— does not admit of being worked 
otherwise than by the general rule. But when fiie given 
number is a multiple of 12, the following compendious 
method may be employed. 

. Problem 6. (Converse of Prob. 4.) 

The price, in shillings, of a specified number of articles, being 
given {the number being a multiple of 12), to find the price 
of one article, 

EuLE. — ^Regard the shillings in the price as so many 
pence, and divide this nimiber of pence oy the number of 
twelves in the specified number of articles : the quotient 
will be the price of a single article. 

For to get the price of one, by the ordinary rule, we 
must divide the price of the entire number of articles by 
that number. Here the dividend would be shillings, and 
the divisor a multiple of 12. But since we may take a 
twelfth part of eacn, we may regard the shillings in the 
dividend as pence (a penny being 1^3 of Is,), and the 
divisor as i^^ of the divisor actually given : and hence 
the rule. 

Examples. 

1. If 48 pairs of scissors cost £1 49., what will one pair cost P 

As there are 4 twelves in 48, therefore 2id, -f- 4 =: 6d,, the Ans. 

2. 72 yards of cloth cost £3 65. ; what is the cost per yard ? 

72 = 12 X 6 ; therefore 66d, -r 6 = lid., the Ans, 

3. 48 articles for £1 16«. : required the cost of one P 

48 = 12 X 4 : therefore Z6d, -r 4 = 9d,, the Am, 

4. 60 finger-plates for £7 10^. ; what is the cost of one P 

60 = 12 X 5, therefore I60d, -^ 5 :=z ZOd, = 2«. 6d., the Ans, 

5. If 84 articles cost £7 13s 6d., what is the cost of one P 

84 = 12 X 7 ; and £7 13«. 6d, = 153J«. ; therefore, 

163i<f. -r 7 = 21}^. + f/. = Is, lOd,, very nearly; the Ans, 

6. If 48 articles cost £1 68, 9d., what is the cost of one P 

48 = 12 X 4 ; and £1 6s. 9d. = 26f«., and 26^, -r 4 = 6J<f. 
nearly; itieAns, 
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Problem 7. 

To calculate the price of any number of articles, when the price 
of one of them is less than a shilling. 

BuLE. — ^Regard the number of articles as so many 
pence, and multiply this number by the number of pence 
in the price of one article. 

This rule, it will be seen, differs but little in its expres- 
sion from that in common use ; but instead of implicitly 
following the ordinary method, it will often be better, as 
here directed, to change the number. of articles into so 
many pence, and the nimiber of pence, in the price of one, 
into so many articles. 

Examples. 

1. Find the price of 48 lbs. at ^d. per lb. 

Here 4j. X 9 = ^1 16«-> the Ana, 

2. 84 lbs. at Id, per lb ? 7*. X 7 = £2 9«., the Ans. 

3. 132 lbs. at lid, per lb. ? 11*. X H = £6 1*., the Am. 

4. 300 lbs. at Id. per lb ? 

ZOQd, = £1 6«. and £1 S*. X 7 = £8 15*., the Ans, 
6. 65} oz. at 6d. per oz P. 

66J<f. = 6*. bid., which X 6 = £1 7*. 2}ef., the Am. 

6. 99} yds. at id. per yd. P 

dd^d. = 8«. S^d.f 4 times which is £1 13«. O^d,, the Am. 

7. 183f yds. at lOd. per yd. P 

183§^. = 15*. 3fef., and 10 times this is £7 13*. 0}^., the Am. 

8. 96 yds. at lO^d, per yd. ? 8*. X lOf = 86*. = £4 6*., the Am. 

9. 75 lbs. at 9|^. per lb P 75^. = 6*. dd. ; and 10 times this ii 

£3 2*. ed. 
{ of 6*. Zd. = 16} (Subtract.) 

Am, £3 0*. Hid. 



10. What will 2J dozen of edging come to, at 3|fl?. per yd. ? 
Take the price per yd. at 4rf. ; then — 

30^;. = 2*. ed. 
4 



10 = price of 2^ doz at id. 
I of ZOd. = 7i (Subtract,) 

9*. 4J«f. = price at 3}(f, 
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12 1^ 

We may proceed otherwise as follows : 3f = — + f = _ 

4 4 

Ti,^ 15X30 15X16 225 ,,oi / % n ax^ 

Then, — ^ — = — i^ = _ = 112 J (pence) = 9*. 4^- ; 

or, which is a Httle shorter, i^XjO _ foO _. ^ ^ g J . 

4 4 

We shall now give a few miscellaiieous examples for 
the practice of the reader in the foregoing rules ; and one 
or two of the more complicated of these we shall solve at 
length ; observing, however, that here, as well as in most 
of the worked examples that have preceded, an expert 
calculator may readily work mentally certain easy steps 
and operations, actually put down, and so reduce tne 
space occupied, and, in a sHght degree, the time expended. 

Miscellaneous Examples. 

1. Kequired the price of 47^ dozen of Brussels lace, at 9«. 10^^. per 

yard. 
Here we have to perform this operation, namely, 118i|^^9. X 47^; and 
we proceed thus : — 

^«. = ?><i2^. — 27^. -- 6|<?. Also,47 = 9x5 + 2. 

Price of 1 doz. = 118*. 6|(f. X 2. 
(See Bule, p. 34.) 9 

1067 OJ 
5 



5336 3f = price of 45 doz. 
237 1} = „ 2 doz. 
29 7H*= ,, i doz. {Add,) 

6602*. OM = price of 47i doz. = £280 2*. Id, 

2. 76J dozen of blonde lace, at 9*. 6/jf^. per yard ? 
Here the work to be performed is 1183^. X 76}. 

Now, ^s, = —^2^^. = ^^d, = 2K Also, 76} = 11 X 7 - i. 



• J of 30}<f. is Id. + Id. + iV. = 7<f. + iW. + ^d, = 7ttef. 
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Price of 1 doz. = 113*. 2f<?. f^Xllzz — ^6il 

11 8 



1245 4i 



8717 101 = price of 77 doz. 
28 8M = » i doz. (Subtract,) 



2,0) 868,9«. 6M«?.*=priceof 76|doz. 

or,* £434 9«. ^y. [^^d, = \d. very nearly.] 

%* The statements within the brackets and in the foot-notes are need- 
ful hint« only to those whose acquaintance with fractions is but slight. 

3. 23} dozen of French lace, at 2*. U-j^ef. per yard ? 

■^8, = ~^^<f. = 3}<f. And 35«. 3i<?. X (24 - J) is worked thus : 
16 

35*. 3f <f. ^ price of 1 doz. 

24 (See the work within brackets below.) 



847 6 = price of 24 doz. 
17 7J = „ J doz. {Subtract) 

829». 10|<?. = „ 23} doz. 

zz: £41 9*. lOJrf., the answer. The \d. would, of course, be disregarded. 

[fif. X 24 = 1«. M, ; and Zd, X 24 == 6*.] 

[36 X 24 = 70 X 12.] 

[} of 3}<f. = \\d, + frf. = \^d. + f «f. = lid.l 

4. Bequired the cost of 150 silk mantles, at £1 3*. 9d, each ? 

Ans, £178 2«. 6rf. 

5. If 11 dozen of wine glasses cost £4 19«., what is the cost of one ? 

Ans, 9d, 

6. What is the value of 19j reams of paper, at 7*. 9f«?. per ream ? 

Am. £7 12*. 4|^. 

7. What is the value of 13} gallons of rum, at 15*. 9}^. per gallon ? 

Am, £10 17*. l^d. 

8. Bequired the price of 85 lbs. of beef, at 9^d, per lb. ? 

Ans, £3 9*. O^d, 

9. If £1 4*. 9}ef. be paid for 42} lbs. of beef, what is the cost per lb. f 

Am, Id, 

10. If £3 3*. 7|^. be paid for 23} yards of sUk, what is the cost per yard ? 

Ans. 2*. %\d, 

11. What is the price of 68} lbs. of worsted, at 17}<f. per lb. ? 

Ans, £4 19*. lOfrf. 

• i - U = ^^ - H ; and, borrowing |f , or 1 , ^§ - JJ = J J J and the 1 
borrowed mtust he carried to the 3. 
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12. What is the price of two dozen yards of Nottingham lace, at 2«. 8 J<f. 

per yard ? Am, £3 4«. Zd, 

13. What IS the value of 12 oz. of silver, at is, 7-|^. per oz. ? 

Am, £2 15». 2\d. 

14. What is the price of 16J doz. of lace, at 5*. 1\d, per yard ? 

^;}«. £54 9«. lO^ef. 
Id. Calculate the value of 27| doz. of lace, at Zs, 2-f^d, per yard. 
Ant, £53 2*. 3U<f. 

16. Find the value of 127} doz. of lace, at 2$, \\id, per yard. 

Am. £165 It, Ofef. 

17. If a dozen yards cost £5 10«. 4|^., what is the cost per yard ? 

Am, 9*. 2frf. [J^. = \d, -f J/.l. 

18. If a dozen articles cost £2 7^. M., wnat is the cost of one f 

Am, Zs, llfrf. [frf. = \d. + f /.]. 

In the foregoing problems and examples, the articles con- 
cerned are reckoned in dozens ; and, whenever the number 
of them is not an exact number of dozens, it has been 
shown how the excess or defect is to be calculated and 
allow;ed for. But in certain commercial transactions, the 
commodities are sold by the gross (twelve dozen), or by the 
score (twenty) ; and in others, by the 100 (five score), or 
by the 120 (six score). The following problems relate to 
purchases in which the articles are enumerated in one or 
other of these ways. 

Pboblem 8. 

To find the price of a gross, the price of one of the articles being 

given in pence. 

Rule. — ^Regard the pence in the price of one article as 
so many shillings. Multiply these shillings by twelve, and 
the product will be the price of a gross. 

For, by taking the pence as so many shillings, the price 
is, in effect, multiplied by 12 ; so that, by again multi- 
plying by 12, the product will be 144 times the price of one 
article ; that is, it will be the price of twelve dozen, or a 
gross. 

Examples. 

1. A gross, at 8i^. each article, is 8*. 8^. X 12 = 995. = £4 19*. 

2. A gross, at 9|rf. each, is 9*. 6rf. X 12 = 114*. = £6 14*. 

3. A gross, at llM each, is 11«. M, X 12 = 141«. = £7 Is, 

4. A gross, at IZhd, each, is 13«. 6^. X 12 = 162«. = £8 2s, 
6, A gross, at 19^ d. each, is 19«. Zd, X 12 = 231«. = £11 lis. 
6. A gross, at 23|(f. each, is £1 Zs, 9d. X 12 = £14 5*. 
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We need scarcely observe, in reference to the second 
method, that the multiplication of the pence by 12 need 
never be actually performed ; since we see, at once, that the 
product is the same number of shillings as the number of 
pence. 

10. What is the price of 301 yards of silk, at 17«. 9}ef. per yard ? 

17*. 9jrf. = 213 J<f. 
£213J=£213 10 Od, = price of 240. 
J of £213 10«. = 63 7 6d. = price of 60. 

17 9J<?. = price of 1. 



£267 15«. 

Otherwise : 

£17} + 10(f. = £17 15*. 


3 J(f . = price of { 

lOd.y one score. 
10 


Price of 200 = 177 18 
Price of 100= 88 19 
Price of 1 = 17 

Price of 301 = £267 15*. 


4 
2 

9J 
3}ef. 



11. 240 yards of cloth, at 16*. 7|</. per yard ? Ans. £199 15*. 

12. 260 articles, at 23*. I^d, each ? Am, £306 17*. Id. 

13. 280 yards, at 27*. 9|<?. per yard ? Ans, £389 7*. 6d, 

14. 400 yards of silk velvet, at 21*. l^d, per yard? Am, £432 18*. id, 

15. 720 lbs., at l^d, per lb. ? Ans, £21 15*. 

16. 960 stone, at lO^d. per stone? Ans. £42. 

17. 1440 lbs., at 3*. 9d. per lb. ? Ans, £270. 

18. 1680 lbs., at 5*. d^d. per lb. ? Am, £458 10*. 

19. 967 lbs., at 4J<?. per lb. ? Ans, £18 2*. 7Je?. 

20. 1199} lbs., at 6*. 5J<f. per lb. Am. £327 8*. 7f^. 

Problem 10. 

TofinA the price of a score , when the price of one article is given 

in pence. 

This problem has been, in substance, anticipated in the 
observations within the brackets at page 62, but as no Bule 
is formally given in that place, we supply the Bule here. 

EuLE I. — ^Eegard the pence as so many pounds, and 
divide that sum by 12 : the result will be the price of a 
score. 
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Examples. 




12, less Is, 3d, = £1 18». 9d, [16». -f- 12 = U. M,] 
Or : £7 Ids. x t^ = £7 16s. -f. 4 = £1 ISs, 9d, 

As there is little or no advantage in this, over the com- 
mon method, we shall not exemplify it further. Indeed, 
the common method, when slightly modified as follows, 
seems to be the preferable of the two. 

Rule U, — Multiply the pence by 20, and add 5d. for 
every farthing : the result mil be the price in pence : thus, 
taking the preceding examples, in order. 

1. 6d. X 20 + 6d, = 105d, = 8«. 9d, 

2. IZd, X 20 + lOd, = 270d, = 22s. 6d, 

3. 7d, X 20 + Ud. = I65d. = 12«. lief., which multiplied by 3 gives 

£1 ISs, 9d, 

Note. — ^When the price of the single article consists of shillings and 
pence, the pence may be calculated for by one or other of these rules ; 
and then the shillings, taken as pounds, be prefixed : for example, if 
the price of one article were 3«. dM., the price of a score of the articles 
would be £3 85. 9d, (See Ex. 1 above.) Again : in Ex. 2, tiie price of 
1 is Is, l^d, : at l^d, only, the price of 20 is seen at once to be 2s, 6d, : 
hence, at Is, 1^,, the price of a score is £1 2s, 6d, 

Problem 11. 

To find the price q/" 100 articles, when the price of one of them 

is given. 

Rule. — 1. Multiply the shillings (if there be any) in the 
given price, by 5 ; the result will be pounds. 

2. For every farthing in the pence, take twice as many 
shillings, and once as many pence ; their sum added to the 
pounds will be the price required. 

The reason is mis : — Twenty times any number of 
shillings are so many pounds ; and therefore 100 times 
that number of shillings must be 5 times that number in 
pounds. Again : taking the farthings for so many pence, 
is the same as multiplying the farthings by 4 ; and taking 
each of these farthings for 2«., or 96 farthings, is the same 
as multiplying them by 96 ; so that, working in this way, 
we multiply the farthings by 4 + 96, that is, by 100, as we 
are required to do. 
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Examples. 



1. 100 aiticles at 2s. Z^d, each? 

In the pence here, there are 13 
farthings : hence, by the rule, we 
have, 

£ 8. d. 

For the 2«. . . 10 

Forthel3/tfr. .{ ^ J J 
Am, £11 7«. Id, 



3. 100 yards, at 5|ef. per yd ? 

£ s. d. 

For 2Zfar, . . P J jj 
Ans. £2 78, lid. 



2, 100 at 17*. lOJrf. each? 

£ 8. d. 

For the 17*. .. 85 
Forthe41/ar. .{^35 



Ans, £89 5s. bd. 



4. 100 articles at Is. 6j^. each. 

£ a. d. 
For the Is. . . 35 

For the 21 far, . | 23 
^n*. £37 16*. 3^. 



5. 100 at U}^. each ? 

£5 + 20«. + IM, = 
£6 0*. 10<?. Afis. 



6. 100 copy-books, at i^d. each P -^iws. £1 17s. 6d. 

7. 100 quarts of vinegar at Is. Z^d. per quart? Ans. £6 II5. 3^. 

8. 100 articles at £2 75. Bd. each ? ^?w. £239 lOs. 

9. 100 at 11*. id. each ? ^«5. £283 65. Sd. 
10. 100 at 2s. ild. each? -^4;w. £11 15«. 5d. 



If we have to perform tlie reverse operation, 
namely, from having the price of 100 articles, to 
find the price of one of them, the conmion 
method of working is as convenient and as 
expeditious as can be desired ; that is, taking 
the converse of Ex. 4, the method exhibited in 
the margin; which gives for result, 78, Q^d. 
(See Problem 13.) 



£ 8. 

37 16 
20 



7,66 
12 

6,75 
4 

3,00 



d. 
3 



Problem 12. 

To find the price of 120 articles, the price of one of them heing 

given. 

EuLE. — Half the number of pence in the price of one, 
taken as so many pounds, will be the price in £ of 120. 
For, as already shown (page 62), the whole number of 
pence, taken as so many pounds, is the price of 240. 
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Examples. 

1. What is the price of six score lambs, at 12«. 6d, each ? 

£150 -T- 2 = £76, Ans, 

2. 120 articles, at ds. S^d. each ? £44 Us, -f- 2 = £22 Is, 6d,, Ant. 

3. 120, at 1 U, 5id, each ? £137 5*. -f- 2 = £68 12*. 6d., Am. 

4. 120, at £1 28. 1\d. ? £120 + J (£31 10«.) = £136 16«., Am. 

5. What is the price of six score flower-pots, at id. each P Ana. £2. 

6. What is the price of six score brass finger-plates, at 2«. 6(/. each P 

Ans. £15. 

7. 120 pairs of gloves, at 2«. ^\d. per pair P (See Ex. 5, p. 55.) 

Ana. £13 15*. 

8. 120 gallons of rum, at 13«. lOef. per gallon P (See Ex. 6, p. 55.) 

Am. £83. 

For the reverse problem, that is, to find the ^ '• ^^ 
price of one from the price of 120 being given, 5 

we may proceed thus : take 5 times the given 

price, and, for the moment, regard the product ill 17 6 
as the price of 100 articles, and compute for one, 20 
as shown above, and then divide the result by 6. "2237" 
Thus, taking the converse of Ex. 2, the work is '12 
that in the margin. [See, however, Prob. 13.] 

The reason of this is, that iths of 120 is 100, 4,50 

so that any sum divided by 120 is the same as ^ 

iths of that sum divided by 100; that is, the 200 
quotient in the former case is iths of the =^=» 
quotient in the latter case. 6) 22«. i\d. 

It is as well to mention here that when, in ~~ — ~" 
either of the two reverse operations in the mar- ^' 

gin above, the figure cut off for farthings leaves ^ 

a significant number on the right, instead of ciphers as in 
the foregoing results, that nimiber in the first case expresses 
80 many hundredths of a farthing, and in the second case 
SO many 120ths : we thus get the price of the single article 
to the minutest accuracy, and can then increase or diminish 
the exact price, thus determined, by a farthing, according 
as this overplus fraction is greater or less than half a far- 
thing ; that is, according as the nimiber cut off to the right 
is greater or less than 50, in the first case (p. 66,) or greater 
or less than 60, in the second case. But whenever such 
extreme accuracy is considered to be unnecessary, and the 
price of the 100 or of the 120 is in pounds, the price of 
one, within a farthing of error, may be quickly found 
by the following rule. 
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Problem 13. 

The price o/" 100 or of 120 heing given in poundSy to find the. 
price of one either exactly ^ or to the nea/r est farthing. 

EuLE 1. — ^For 100. Take the price in pounds as so 
many sliillings, and divide by 5. [For this is the same as 
dividing by 20 and 5.] 

2. For 120. Take the price in pounds as so many 
shillings, and divide by 6. [For this is the same as 
dividing by 20 and 6.] 

Examples. 

1. If 100 articles cost £28 10«., what is the cost of one P 

28«. 6(f. -7- 6 = 6». 8|<?. exactly. 

2. If 100 cost £37 16«. M,, what is the cost of one P [This is worked 

to strict accuracy in the margin at page 66.] 

That the given sum may he expressed in pounds (nearly), without 
an inconvenient fraction, we may regard it as £37 15«. = £37# ; then 
37«. 9<?. -f- 6 = 7». 6|^., exact to tiie nearest farthing ; f or * differs 
from f only hy| — f = M — io = Aths of a penny : we merefore 
replace |^. hy |S. 

3. If 120 cost £22 Is, 6d,, what will he the cost of one P (See 

Example 2, p. 67.) 
We see hy the Tahle (p. 50), that 6*. Sd, = £^ and that lOd. = £A. 
Also that Js. + -^8. = i^d. : hence 22*. 4j<f. -7- 6 =: 3*. 8|«?., the Ans, 

4. If 120 cost £68 12«. Sd,, required the cost of one P (See Ex. 3, p. 67.) 
Taking the sum to he £68|, we have 68«. 6ef. -f- 6 = lis, 6d,, a 

farthing short ; hut we have taken the given cost £| too little ; and 
J*. = 1 J<f., Jth of which gives the wanting farthing. 

Note. — ^It is plain that in order to convert the shillings and pence 
in the given sum into a convenient fraction of a pound, we need never 
increase or diminish these shillings and pence hy more than (nor even 
hy 80 much as) 2«. 6^. (Jth of a pound), so that we shall never have to 
aUow more than ^d. for the excess or defect whether there he 100 
articles or 120 ; for in the former case ^th of l^d. differs from a fiurthiog 
hy only ^ of a farthing, and in the latter case ^th of 1^. is a farthing 
exactly. In Example 3, ahove, since 7s. 6d. is three half-crowns, it 
is £J, so that the given simi is exactly £22J, and therefore the exact 
piice of the single article is, as stated, 229. 4}rf. -f- 6 = 3^. 8|^. In 
like manner, in Example 4, the given sum is exactly £68|; and 
68*. 7J«?. -7- 6 = 11«. 6J^., the price exactly. We have worked this ex- 
ample, and Example 2, as ahove, in order that the reader may clearly 
see how inconsiderahle is the effect, upon the result, hy taking the 
given sum either in excess or in defect to the extent of even half-a- 
crown ; for which extreme sum only a farthing is to be allowed as 
correction of the error. 
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It wi]l be of seryice to the retailer to recollect that if he bny articles 
by the long hundred (six score) he pays for each article as many far- 
things as he lays out half crowns ; and that if he buy by the common 
hundred (five score) he pays &t the rate of l^d. for five articles, for 
every half-crown he lays out. For 120 farthings = 30ef. = 28, 6d. ; 
and l^d, X 20 =: 30^;. = 2«. 6d. ; and in 100 there are 20 fives. [Ex. 
7, below : £13 16*. = 110 half-crowns ; and 110 far. = 2s, ^d,] 

5. If 100 cost £56 13«. id., what is the cost of one P Arts, lis, id, 

6. If 100 cost £6 lis, M,f what does one cost? Ans. Is, Z^d, 

7. If 120 cost £13 lbs,, what is the cost of one ? Ans, 28. 3}^. 

8. If 120 cost £135 10*., what is the cost of one ? Ans, £1 28, 7y, 

Peoblem 14. 
To find the. price of 1000, the price of one heing given in pence. 

Rule. — ^Eegard the price in pence as pounds, and 
multiply these pounds by 4^ : the product will be the 
price of 1000. 

For the pence, taken as pounds, gives the price of 240 
(page 62). Four times 240 is 960 ; and ith of 240, that is, 
40 added to this, gives 1000. [It may be useful to recol- 
lect that 1000, at 1<?., amount to £4 3«. 4t?., and therefore, 
at 2d,y to £8 6«. M, ; and so on.] 

Examples. 

1. At Hd, per yard, what will 1000 yards cost P 

£1| is £1 15«., which X 4^ = £7 6«. lOrf., the Ans, 

2. At Is, 9d. per yard, 1000 yards is 

£93 X 4i = £372 + £15 lOs, = £387 lOs. 

Note. — In this example we have written down, first the product by 
4, and have tiien connected with it the product by i, making two 
separate amounts, which are then added into one simi. But in the 
first example we have written this final sum at once, since we could 
readily determine it without thus calculating the two component parts 
of it separately. We took, for the multiplier 4 only, not the £1 15*., 
but £lf, and wrote £7 for the product ; we then divided the equivalent 
of this £lf , namely, ZSs,, by 6, and annexed the resulting 5s. lOd. to 
the previously written £7* And advantage should always be thus 
taken of every little peculiarity favourable to the abbreviation of the 
figure-work. 

3. At 28. 7id. per yard, what will 1000 yards cost ? 

£31 j= £31 10«., which X 4j is £126+£5 6s. = £131 6*., Ans. 
Here 31 J X 4=126. 

4. At 14*. 7d, per gallon, what will 1000 gallons cost ? 

£176 X 4* = £700 + £29 3«. id. = £729 Zs, id., Ans, 
6. 1000 yards, at Z^d. ? Ans, £14 11*. 8<?. 
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6. 1000 gallons, at Zs, 10^. ? Ans, £193 15«. 

7. 1000 at U. S^d. each ? Am, £65 15«. 

8. 1000 at did. each? ^ii«. £21 lis. 6d, 

9. 1000 at 3a. 7^ each ? uiiw. £182 6s. lOd. 
10. 1000 at U. ll^d. each? ^/w. £98 19«. 2d. 

Note. — ^We might compute this example for 28. ; and knowing that 
960 farthings make £1, and that 40 make lOd., we should have to 
subtract £1 Os. lOd. from the result. 



PeOBLEM 15 (CONVEBSE OF PbOB. 14). 

The price of 1000 heing given in pounds, to find the price of one. 

EuLE.— Regard the price in pounds as so many pence, 
and divide these pence by 4^. Or, Trhich is the same 
thing, multiply the pounds, taken as pence, by 6, and 
divide the result by 25. For 41 = ^g^ ; and to divide by a 
fraction is to turn the fraction upside down (or to reverse 
its terms) and multiply ; so that to divide by 4i, or by 
V^; is to multiply by -^. 



Examples. 



1. If 1000 cost £25, what is the 

cost of one ? 
25ff. X A= 6<?., the Am. 

2. If 1000 cost £387 10*., what is 

the cost of one ? 
387K X 6 = 2325ef. 
6) 2325<f. 

5) 465 



93<f. = 7*. 9(?., ^w*. 



3. If 1000 cost £131 5«., what is 
the cost of one ? 
131HX6=787K 
6) 1576 halfpence. 

6) 315 

^Z=Zl\d.'=z2s.1ld.,Ans. 



4. If 1000 cost £729 3«. 4^., what 
will one cost ? 

729K X6 = 4375<?. 
6) 4375 

6) 875 

Ans. l75d.=iH8. 7d. 



6. If 1000 cost £182 5«. 10^., what 

will one cost ? 
Omit the lOd. for thepresent ; then 
we have — 

182}^. X6 = 1093}<f. 

5) 2187 halfpence. 

6) 437,2 rem. 

87,2 rem. 

that is, isy. + H of 1 halfpenny 
or ft far. 
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Now 1000th part of the omitted 10^. is x^^^. = li^ far., and f| far. 
= T^far. 

The sum of these two is \%% far. = 1 farthing : hence the price 
required is 43f^. =z 3«. 7|^. (See Ex. 9, Prob. 16.) 

It is obvious that this supplementary work for the accurate estimate 
of the influence of the omitted 10^., and of the fraction ^jf., upon the 
cost price of one of the articles, might have been dispensed with. The 
antecedent result, namely, iZ^d, 4- ff /., is sufficiently conclusive that 
the sought price, per article, is eitner iZ^d. exactly, or else this sum to 
the nearest farthing. No account at all need ever be taken of the odd 
pence in the wholesale price ; nor even of the shillings, below 10«., if 
the object be only to find the cost price, per article, to the nearest 
farthing. For we have just seen that the influence of 10^. on this cost 
price is but too/"- ; so that the influence of 12 times 10^., or 10»., would 
be only i^ns/'» which is less than half a farthing. Hence when the 
prime cost of 1000 articles is so many pounds and shillings, if the 
shillings do not exceed 10«., we may disregard them, and may calculate 
the prime cost of a single article to the nearest farthing, by 'taking 
account of the pounds only in the cost of the 1000 ; and if the shillings 
exceed lOs., then we have only to add 1 to the number of pounds, and 
to calculate as above. * 

The principal object in finding the prime cost of each 
one of a large nnmDer of articles, purchased wholesale, is 
to guide the retail dealer as to what he ought to charge 
per article, selling them singly, in order to realize what he 
considers a reasonable profit upon his outlay : the way to 
find the selling price per article, with a view to such profit, 
wiU be shown in the next problem. 

Let us now return to Ex. 5, disregarding not only the 
lOd., but also the 5^. : the work will then be as follows : — 

182/f. X 6=1092<f. ; thi8-7-6 = 218rf., with 2 for remainder; and 
2lSd. -7- 6 = 4t3d.t with 3 for remainder : hence the complete remainder, 
arising from the division by 25, is 17 ; so that the complete result is, 
i^iid. = 43f d/., to the nearest farthing ; that is, it is impossible that 
this result can be so much as a farthing in error ; for Hd. is itself more 

than ^d,f it is in fact ^d, and §<f., that is, Jf /. besides ; and then there 

is the omitted ds, lOd, unaccounted for. 

The reader is expected to work the subjoined examples 
in accordance wilh what has now been said, always 
assuming pounds only, for the cost price, without shillings 
or pence. 

Thus, in Examples 6, 8, and 10, the cost price of the 
1000 is to be regarded as £165, £388, and £18, respec- 
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lively ; and in the other examples the odd shillings and 
pence are to be omitted. 

6. If 1000 articles cost £164 I89., what is the cost of one, to the nearest 

farthing ? jins. Zs, 3jrf. 

7. If 1000 cost £325 9«., what is the cost of one, to the nearest farthing? 

Ans. 7s. 6d, 

8. If 1000 cost £387 16«., what is the cost of one, to the nearest 

farthing P Ans, 7s, 9d, 

9. If 1000 cost £729 Os. Qd.y what is the cost of one, to the nearest 

farthing ? Ans. lis. 7d. 
10. If 1000 cost £17 18«. 9d.y what is the cost of one, to the neegrest 
farthing ? Ans, i^. 

Problem 16. 

lYom knowing the cost-price of any number of articles, to find 
the selling-pricey per article, so that a certain amount of 
profit may he realized. 

A trader accustomed to purchase the articles in which he 
deals by the 100, or the 120, or the 1000, &c., can form a 
pretty close guess, from 'practice, of the prime cost of one* 
of the articles from his outlay for the entire number ; but 
even should his approximation be comparatively wide of 
the truth, it will still suffice for his purpose. In proof of 
this, let us return to Example 5, of last problem, where 
£182 5s, lOd. is supposed to be paid for 1000 articles; and 
let us assume that the purchaser estimates the prime cost, 
per article, at about 3«. 6d, : his business will then be to 
find, by problem 14, the price of 1000 at this rate; that is, 
he wiU have to calculate thus : 

£42 X 4i= 168 +£7 =£175. 

He would in this way find that Ss, 6d. per article is less 
than the cost price ; that, in fact, he has paid for the 1000, 
more by £7 5«. lOd. than he would have paid if the price 
had been only 3«. 6d. per article : his aim would tiierefore 
now be gradually to increase this Ss. 6d, till it amounts to 
a retail price sufficiently high to cover the outlay and give 
a reasonable profit besides. Now as 1000 farthings is 
£1 Os. lOd.f it is only necessary to see how many times this 
sum, when added to £175, will produce an amount above 
the outlay, £182 5s. lOd., sufficient for the profit proposed. 
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It is plain, at a glance, that 6 times £ 1 Os, lOd. will not be suf- 
ficient ; teiking 7 times, we have, at the rate of 3«. 7}d. each, 
the price of 1000 = £175 + £7 5«. lOd, = £182 5«. lOd. 
It thus so happens, in this particular case, that the cost 
price, per article, is an exact sum, without fractions of a 
farthing, namely, 3«. 7 id, ; and we may here notice, that 
whenever such is the case, we may, in this manner, always 
arrive at the cost price. 

Adding now farthing after farthing to the 3«. 7|(^., we 
see that the profit of the 1000, at Ss. Sd. each, is £1 Os. lOd. ; 
at 38. Sid., it is £2 U. Sd. ; at £3 9d. (that is, adding five 
farthings), it is £5 48. 2d., and so on ; £1 08. lOd. being 
the ad£tional profit for every additional farthing. If it 
had so happened that 3«. l^d. was not the exact price, as 
would have been the case if flie outlay had been (say) £182 
only, then, with the profits here determined, there would 
have been, in each case, 58. lOd. profit besides. 

It is obvious that whatever be the number of articles 
purchased wholesale for a given sum, the profit to the 
retailer upon his outlay, by selling the articles singly, at 
any assigned price, may in this way always be easily 
determined. If the estnnated cost price, per article, be 
but a few pence, we may, as above, readily find the profit 
to be realized by increasing this estimated cost price by any 
number of farthings ; or if the cost price be considerable, 
by any number of pence, or even shillings; the general 
rule being this : — 

Bttle. — ^Having roughly estimated the prime cost of the 
single article, find by the suitable rule (among the rules 
already given), the exact cost of the entire number, at this 
estimated price. 

Then, since every farthing, halfpenny, penny, &c., added 
to the price of one article, adds as many farthings, half- 
pence, pence, &c., as there are articles, to the price of the 
whole, we can easily find what must be the increase, in the 
above estimated cost price of one, in order that the price of 
the whole, at that rate per article, may exceed the actual 
outlay by the desired amount of profit j as in the following 
examples. 

Examples. 

1. If a dozen articles cost £2 7«. Sd., what is the lowest retail price, 

£ 
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per azticle, tlist will fzcdoee a profit npaa tiie oaUay of noilen 
tban lOtt. 6rf. ? 
Take the esdouUed coat pzice, pa- utider at 4j. ; then — 

at 4«^ the piice of 12 would he £±9$. 
„ 4f . W. „ „ £2 14*. 

„ 4#. ft/. „ „ £2 17#. 

„ 4«. 10}^. ,, ,, £3 ISf. &/. 

aiid£2 18ff. Itf. ]ea£2 7«. 8^. = 10if. lOtf.: k> tlmt, to gain thk profit, 
the aiticks must be »cM at 4>«. lOW. each. Of eonne, from 4«. to 
4«. lOi^f. nd^ be reached at onee V •A^inS IH*- to tte £2 8*. 

2. If 150 aztideB eoal £178 2t. &/., what is flie lowest price at whidi 
each must be 8oId» so that Hbe retailer may reafiae at I»&t £12 
profit upon his oa^ j f 
Take the estimated coat price, per aztide^ at £1 ; tli£n» bearing in 
mind that 150». = £7 lO*-, we see tibat 

at £1, the coat woold be £150 
„ £1 5#. „ „ £187 10». 

,, £15t. OiT. „ „ £191 5t. 

£178 2s. 6d. (Sabftnu;t) 

£13 2f. &r. Profit at £1 5«. &/. 



If we take 150<f. = 12*. 6tl. from this thero will lemain £12 10«. ; 
hence for this profit, the letail price mnst be £1 b$. bd, ; or, deducting 
6«. Zd. (the half of 12«. &/.) from the £12 lOt., thero will remain 
£13 3t. ft^., the profit when the retail price is £1 5«. ^, ; and by the 
deduction of another farthing from the retail price, the profit is reduced 
to £12 Ot. l\i. And in this way may the increase or decrease oi profit, 
consequent upon any increase or decrease in the retail price per article, 
be alwa3r8 readily found. 

3. If 19| reams of paper be purchased for £7 12<. 4dL, at what price, 
per ream, murt it be sold, in order that about 30s. profit upon 
the outlay may be realized ? 
Take the estimated cost price at 8«. per ream : then, 

£ 

at 8«., the cost price of 19| reams would be 7 
„ 9*. „ 9) „ 8 

„ 9». 6<f. „ >, 99 9 

Subtract 7 



«. 


d. 


16 





15 


6 


5 


3 


12 


4 



Profit, at 9«. ^. per ream, £1 12«. 11<;. 

Taking 19^. from this, the profit, at 9«. bd. per ream, will be £1 
11*. 3Jrf., whici is probably near enough ; but if Hie rotail price be 
further reduced i<2., the profit would be ^, less, namely, £1 10«. b^d. 
And at 9*. ^\d,f it would be £1 10«. \d. Of course thero is another 
way of working questions of this kind : we may add the proposed profit 
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to the outlay, and theo, either by Prob. 6, or by common diyision of this 
Bum by the number of articles, find the selling price of ooe of them. 

But by proceeding otherwise than as above, fractions of a farthing — 
things having no representation in current coin — are not unUkoly to 
occur in the result; and the neglect of the fraction, though in an 
individual case of but very trifling consequence, yet, in a large nimiber 
of sales, by the single article, such neglect may cause a deficiency of 
considerable amount. 

For variety, we shall here work the foregoing example by ordinary 
division. 

£ «. d. ' 

7 12 4 Cost price of 19j^ reams. 

1 10 Profit to be made. 



2 4 Selling price of the 19} reams. 



39) 4376 (1 12t,V. [Both divisor and dividend are doubled, 
39 in order to do away with the fraction J in 
the former.] 

47 

39 



86 

78 Therefore reducing the fraction of a 

— penny to that of a farthing, we have, 
8 for the selling price, 9«. id, + JJ/., or 

— 9«. iid, all but Af' 

4. If 83 yards of lace cost £53 19«., what must it be sold at per yard 

for the profit on the outlay to be £5 9«. ? Am, lis, S^d. 

5. If 107 lbs. of tea cost £21 3j., at what rate per lb. must it bo sold, 

so that £4 149. profit may be gained F Ana, is, lOd, 

6. If 23 tons of potatoes be purchased for £56 12«., at what price, per 

ton, must tjiey be sold, to produce a profit of £11 is, on the out- 
lay P Ans. £2 Ids, all but Jef. 

Note. — In here concluding the foregoing series of problems, it may 
be well to state that although the rules proposed for the working of 
them are all specially adapted to the ready computation of the several 
kinds of aritlunetical examples considered ; yet that a case or two, 
properly coming imder one or other of these problems, may occasionally 
occur in which the ordinary process of common arithmetic may answer 
quite as well as the generally shorter method here prescribed. It must 
always be left for &e judgment and penetration of the computer to 

E 2 
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decide beforehand, whether, in the particular case he is to deal with, 
there is likely to be time and trouble saved by working according to 
the special role, or by the ordinary method of common arithmetic. 
The last example above, for instance, may be quite as readily worked 
out by this ordinary metiiod as by any special rule : thus : — 

£. «. 

56 12 Prime cost. 
11 4 Profit. 

Selling price £2 1 9*., less 

23)67 16 (£2 -^^t.^Hd.^id. 

^ V Of course, if <?. could 

ni not be estimated at 

2Q other than ^d» 

If another Hbilling be 

436 (19«. added to the profit, 

23 the division would 

leave no remainder; 

206 80 that for the profit 

207 to be £11 6*. the seU- 

ing price must be 

- 1 exactly £2 19*. per 

ton. 



We shall now proceed to apply the preceding rules to 
mercantile and commercial transactions of a specific charac- 
ter ; as also to those mechanical or handicraft employments 
in which calculation is necessary in order to estimate 
correctly the value of the work done, or of the materials 
supplied. In these applications, we may sometimes repeat, 
in substance, a rule of wider import, abeady given in the 
preceding pages. It may be convenient that this should 
now and then be done, rather than that the computer 
should continually have to turn to back references. 

Calculations useful in the Wool Teade. 

In this trade the weights used,' although bearing the 
same names, are not always the same, as to the number of 
pounds represented by them, in different parts of the 
country. In some places the stone, usually 14 lbs., is a 
weight of 15 lbs. ; in other places, a weight of 16 lbs. ; and 
the weights of higher denominations — ^multiples of the 
stone — ^vary of course in like proportion. The usual weights 
far wool are as follows: — 
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Table of Weights fob Wool. 

7 lbs. make 1 dove. 

2 cloves (or 14 lbs.) „ 1 stone. 
2 stone (or 28 lbs.) „ 1 tod. 



6 tod 1 stone utt. 

make 1 wev = 182. 
2 weys ,, 1 sack = 364. 

12 sacks „ 1 last = 4368. 



In some places the weights are thesey namely. 

15 lbs. make 1 stone. I 8 tod (or 240 lbs.) make 1 pack. 

2 stone (or 30 lbs.) „ 1 tod. | In Ireland^ 16 lbs. ' ,, 1 stone. 

Since a pack of wool weiglis 240 lbs., it follows that at 
15 lbs. to me stone, it weig^ exactly 16 stone ; at 16 lbs. 
to the stone, it weighs exactly 15 stone; but at 14 lbs. to 
the stone, it weighs 17 stone 2 lbs. 

Problem 1. 

Hie price of I lb. heing given in pence, to find the price of a 
stone of 14 lbs., of 15 lbs., or of 16 lbs. 

Kxtle I. — Eegard the pence as so many shillings ; to this 
sum add ith of itself, if the stone be 14 lbs. ; ith of itself, 
if the stone be 15 lbs. ; and ird, if it be 16 lbs. 

For, by regarding the pence as so many shillings, you, 
in effect, multiply l£e price of 1 lb. by 12 ; that is, you get 
the value of 12 lbs. ; and ith of this must be the value of 

2 lbs. ; }th, the value of 3 lbs. ; and ird, the value of 4 
lbs. ; so that these portions severally added to the price of 
12 lbs., must give tite price of 14 lbs., 15 lbs., and 16 lbs., 
respectively, or, 

Exile IE. — Having taken the price of 1 lb., in pence, as 
so many shillings, add to this amount the price of 2 lbs., 

3 lbs., or 4 lbs., according as the stone is 14 lbs., 15 lbs., 
or 16 lbs. 

EicAMFLES. (Stone of 14 lbs.) 
1. If 1 lb. of wool cost nd., what will a stone of 14 lbs. cost ? 

By Bnle I. 6) 17 = cost of 12 lbs. By Rule II. 17 6 

2 10 „ 2 lbs. l8. 6(?. X 2 = 2 10 



Am. 198. lOd. „ 14 lbs. Am. 19s. lOd. 
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2. If 1 lb. cost 23^., what will a stone of 14 lbs. cost? 

This example reqnires merely that we calculate the price at 2a, , — 
which would be 28«. per stone, and then sabtract 14 times ^,, or Id., 
leaying for answer 279. 6d, 

3. If 1 lb. cost 3«. 9^., what will a stone cost ? 

The price, in pence, is 45j^. ; and regarding erery penny as a 
shilling, we have 45j^«., that is, £2 5s. 6d. for Sie price of 12 lbs. 
therefore, 

£«.<{. £ s. d. 

6)2 6 6 = Price of 12 lbs. Or, 2 6 6 

7 7= „ 2 lbs. 3«. 9irf. X 2 = 77 

£2 13». Id. = .. 14 lbs. £2 13«, Id. 



»» 



4. If 1 lb. cost 58. 6^., what will a stone cost P Ans. £3 17«. 3id. 

5. If 1 lb. cost U. 10}<f., what wiU a stone cost? Ans. £1 16«. 6^. 

Stone of 15 lbs. 

6. What will a stone of 15 lbs. cost, at 2s. l|rf. per lb. ? 

The price per stone in pence is 25f{f. ; and 25f«. = £1 58. dd.^ the 
cost of 12 lbs. 

4) £1 58. 9d. Or, £1 6«. 9d. = cost of 12 lbs. 

6 6J 2».ljrf. X3= 6 6J = „ 3 lbs. 

Ans. £1 12*. 2irf. £1 12«. 2jef. = „ 15 lbs. 

7. If 1 lb. cost 13J<?., what will 15 lbs. cost? Ans. I6s. lOjrf. 

8. If 1 lb. cost 2s. 7 id., what will 7 stone cost ? Ans. £13 Ids. 5^d. 

9. If 1 lb. cost Is. 9\d., what will 9 stone cost? Ans. £12 Is. lO^d. 

Stone of 16 lbs. 

10. If 1 lb. cost 2s. 5^., what will a stone of 16 lbs. cost ? 

The price per stone, in pence, is 29^d. ; and 29J«. = £1 9s. 6</., the 
cost of 12 lbs. 

3)£1 9s. 6d. Or, £1 9s. 6<?. = cost of 12 lbs. 

9 10 2s. 6Jrf. X 4 = 9 10 = „ 4 lbs. 

An8.£l 19s. id. £1 19«. id.zr. ,, 16 lbs. 



11. If 1 lb. cost 17M, what will a stone of 16 lbs. cost ? Ans. £1 3«. Sd. 

12. If 1 lb. cost IZfd., what will a stone cost? Ans. 18«. 

13. If 1 lb. cost I6\d., what will 3 stone cost ? Ans, £3 5s. 

The reverse problem, namely : Having the price of a 
stone, to find the price of 1 lb., may be readily enough 
worked bj common division. For example : — 
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At £2 Ids. Id. per stone of 14 lbs., what is the cost of 1 lb. 

14) 6Zs. Id. (3«. 9id. Ana. 
42 

11 
12 



133 {9d. 
126 



Id. = 28/. (2 farthings. 



Fboblem 2. 

The price of 1 Ih. being given in pence, to find the price of a 

pack. 

KuLE. — ^Begard the pence as so many pounds (£), and 
you will have at once the price of the pack. 

Eor there are 240(^. in £1, and 240 lbs. in one pack; so 
that by changing the pence, in the price of 1 lb., into so 
many pounds, we in ejffect multiply the price of 1 lb. by 
240, and thus get the price of 240 lbs. 

Examples. 

1. The price of a pack of wool, at Ibid, per lb., is £16} = £15 15*. 

2. The price of a pack of wool, at n^d. per lb., is £17| = £17 5*. 

3. The price of 7 packs, at 2^d. per lb., is £166 ds. 



PeOBLEM 3. (OONVEBSE OF PeOB. 2.) 

The price of a pack of wool being given in pounds (£), to find 
the price of 1 W., or of 1 stone, clove, S^c. 

KuLE. — ^As many pounds as a pack costs, so many pence 
win 1 lb. cost, as is obvious. 



Examples. 

1. If apack of wool co8t£16 15«., what is that per lb., and per clove P 
£15 15«. = £16f ; therefore, the price per lb. is 15}^. = Xs. Z\d, ; 
and the price per clove is 7 times this ; namely, 9«. 2\d, 
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2. If a pack of wool cost £17 os., what is the cost per stone (14 lb.) ? 
£17 6ff. = £17 J ; therefore, the price per lb. is 17J<?. = Is, 6Jrf. ; 

and the price per stone, 14 times this, is zz: | I*' i nl 
(Prob. 1, p. 77.) Hence the price of a stone is = £1 l^d, 

3. If a pack of wool cost £23 15s., what would be the cost of a stone 

of 16 lbs. ? 
£23 15*. z= £23| ; therefore, the price per lb. is 23}^?. = 1*. 11|<;. ; 
And the price per stone (15 lbs.) is (Prob. 1, p. 77) ^ f £1 3». 9d, 

I 5 llj 

Ans. £1 98, S^d, 

or, since the price of 1 lb. is 2«. all but J<f., therefore the price of 15 lbs. 
is 30». less 3|^. = 29s. S^d, 

4. If a pack of wool cost £25 16s. what will 1 lb. cost ? Am, 2s. l|<?. 
6. If a pack of wool cost £16 5s., what wiU a stone of 16 lbs. cost ? 

Ans. £1 Is. 8^. 



Calculations in eefeeence to Wheat, Oats, &c. 

In order to find the price of any number of bushels, 
quarters, &c., from the price of one bushel, quarter, &c., 
being known, the direct way is to multiply the price of 
one by the number. This is the method of common arith- 
metic, and in certain cases is the most convenient method ; 
as, for instance, when the number (or multiplier) is below 
12. For higher multipliers, special rules, for arriving at 
the result more expeditiously, have been given in the pre- 
ceding pages : the application of these rules is still further 
seen in the following examples. 

[Although, in working these examples, we have usually 
referred to the rules conformably to which the operations 
have been performed, yet such formal reference will but 
seldom be necessary if the computer bear in mind, 1st, that 
whenever we reckon the articles by the dozen, we take the 
price of the single article in pence, and then replace the 
pence by that number of shilHngs : we thus get the price 
of 1 dozen. 2nd. Whenever we reckon articles by the 
score, Tre take the price of the single article in shillings. 



CALCULATIONS IN THE CORN TRADE. 81 

and replace these shillings by so many pounds : we thus 
get the price of 1 score. 3rd. Whenever the articles are 
reckonedby the 240, we take the price of the single article in 
pence, and replace the pence by pounds, and thus get the 
price of 240. It will, however, oe sufficient, in aU cases, 
to regard the given number of articles, in each case, as 
consisting of dozens, with part of a dozen over ; or of 
scores, with part of a score over ; the articles, over and 
above the complete dozens or scores, to be computed for 
separately. In numbers higher than the number 20, it is 
optional whether we compute by the dozen or by the 
score.] 

Examples. 

1. What is the cost of 18 bushels of com, at Ss, id. per bushel ? 

As 18 is 12 4- 6, we first calculate the price of a dozen (p. 55), and 
then add half that price for the 6. Thus : — ^Taking 6id. as 64«., and 
adding the half to it, we have 96$. = £4 IQs., the cost required. But 
the work would be easy enough by the ordinary method : thus, 5«., X 
18 = 90^., to which adding a third of ISs. for the id., the result is 96«. 

2. 23 quarters, at £2 9«. 3d, per quarter P 

Here expressing the price in shillings, and then counting these as 
pounds (Bule, p. 62), we have £49^ == £49 5«. 0^. for 20 qrs. 

forSqrs. 7 7 9 

Price of 23 qrs. £56 129. 9d. 



3. 26 bushels, at 4«. lO^d, per bushel P [4«. lO^d, -=. b%\dJ] 

Or thus: (See Table, p. 50) 
4^. 10^<f. zz: 4J«. ; and 
£4J = £4 17*. M. = price of 20 
also 19 3= „ 6 

£6 65. M. = „ 26 









£ 


9. 


d. 


Price of 12 bush. 


= 2 


18 


6 


» 


9) 


W 


= 2 


18 


6 


»» 


2 


w 


= 


9 


9 




£6 


6s 


. 9d, 



4. 30 quarters of barley, at 27*. 9d. per qr. ? [27*. 9^. = 27j5.] 

£27f = 27 15 o'= price of 20 (Rule, p. 62.) 
Onehdf=13 17 6= „ 10 

£41 12*. M. = „ 30 

s 3 
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* 5. 23 quarters, at 29«. 5d. per quarter ? [29«. bd, = 2d|«. -)- l<f.] 

£ s. d. 

£29 J =z 29 6 8 = price of 20, at 29«. id, 

4 8 0=,, 3 „ 

1 11= „ 23 at Id. 



£33 168, Id. = „ 23 „ 29«. 5<f. 



Or thus : 24, at 353 pence, amount to the same as 353 at 24<^., 
or 28, ; that is, to 706«. = £35 6«. 0<f. 
from which take 19 5 



There remains £33 16«. Id, 



6. 37 quarters, at 25«. 10<f. per quarter ? [26*. lOrf. =: 26f«. + Irf.] 

£ «. d. 

£25| = 25 15 = price of 20, at 25*. 9rf. 

12 17 6= „ 10 „ 

9 3=,, 7 „ 

3 1= „ 37atW. 



£47 15*. lOd, = „ 37 at 25*. lOrf. 



Or thus : 36 at 310^^. = 310 at 3*. = 930*. = 



£ 

46 

1 


a, d, 

10 — price of 36 
5 10= „ 1 


£47 


15*. lOd, = „ 37 



Note.— The last two examples may be otherwise worked, thus 

Ex. 5. £29i^f = £29 8*. 4^^., price of 20 

4 8 3 „ 3 

£33 16*. 7d. „ 23 



Ex. 6. 25*. lOd, = 251*. (See Table p. 60.) 

£ *. d, 

£251 = 25 16 8 = price of 20 
12 18 4= „ 10 ; 
9 10= „ 7 

£47 16*. 10rf.= „ 37 
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7. 32 quarters of wheat, at £2 lis, lOd, per qr. F 

The price per qr. here is 61}#. -|- Id, ; therefore (Rule, p. 62) — 
£olf=£ol 16s, Orf. = priceof 20,at£2 11*. 9</. 
25 17 6 = „ 10 
6 3 6= „ 2 
2 8 = 



ft 



ft 



32 si* Id, 






£82 18*. Sd.z=z 



ft 



32 at £2 llf. lOd, 



[This example may also be worked as in the note to Ex. 6, the 
price per quarter here being 51|«.] 

As already observed; it is not in eveiy case that the special 
rule, for working examples really coming under that rule, 
has any marked advantage over the general rule, taught in 
books of arithmetic. The merchant or trader, accustomed 
to calculations peculiar to his own calling, will see, at a 
glance, whether, in any particular case that may come before 
him, the special or the general rule wiQ be the more con- 
venient for him to use. By way of comparison, we shall 
take the last three examples, and work them each by the 
general rule. 

£ a. d, 

Ex. 5. 19 5X3 

5 





Price < 

ft 

>» 

£ a. 

1 5 


)f 20 r- £ 
3 = 

23 £3 


7 


7 


1 
4 






29 
4 


8 
8 


4 
3 






3 


168. 


7d, 




Ex. 6. 


d. 

10 X 1 
6 




Ey 


.7. 


£ a. d, 

2 11 10 

8 




7 


15 



6 


20 14 8 
4 


'rice of 36 = 
„ 1 = 


46 

1 


10 
5 



10 


£82 18«. 8( 




„ 37 = 


£47 


158. 


10^. 





The special rule has the more decided advantage when 
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the number to be computed for is an exact number of 
dozens, or scores, as in each of the examples following. 

8. Required the price of 40 qrs. of oatfl, at 42*. 6d. per qr. ? 

£42J X 2 = £85, Aus. 

9. 60 qrs., at 52s. 9d. per qr. ? £52f X 3 = £158J = £168 6*., Aus, 

10. 80 qrs., at bis. ed. per qr. ? £54| X 4 = £218., Afts, 

11 . 36 bushels, at 5*. 4d. per bushel ? 64s. X 3 = 192«. = £9 12«., Am. 

12. 48 busbels, at 4s. lO^d. per busbel ? 

68js. X 4 = 234s. = £11 14s., Aits. 

Note. — 6 bushels of com is called a load of com, but a cart-load is 
40 bushels. The load has reference to porterage ; the cart-load to 
horse carriage. It may also be noticed here, that the sack yaries in 
measure with the commodities measured. When coals were measured 
by the bushel, 3 bushels went to the sack : in com of all descriptions, 
4 bushels (not heaped up, as with coals) make a sack ; but of flour, 
there are 5 bushels to the sack. A quarter of com, or of malt, is 2 
packs, that is 8 bushels, as already stated; and a cart-load is 10 sacks, 
or 5 quarters. 

The following Table will be found useful to retail corn- 
dealers. 

Table. 
From the price of a Quart to find the price of a Bmhel. 



1 

Quart. 1 


Bushel. 


Quart. 


Bushel. 


Quart. 


Bushel. 


d. 


8. d. 


d. 


8. d. 


d. 


8. d. 


• 

i 

3 
4 


8 


2 


5 4 


H 


10 


1 4 


21 


6 


4 


10 8 


2 


2} 


6 8 


4} 
4} 


11 4 


1 


2 8 


2| 


7 4 


12 


U 
ij 


3 4 


3 


8 


12 8 


4 


3i 
3j 


8 8 


5 


13 4 


1} . 


4 8 


9 4 


5i 


14 



'For every additional farthing in the price of a quart, 
another Sd. must be added to the price of the bushel ; for 
there are 32 quarts (8 gallons) in a bushel, and 32 farthings 
make Sd. If the dealer purchase by th e quarter (8 bushels), 
and retail by the bushel, then every farthing added to the 
bushel adds 2d. to the quarter ; so that as many twopences 
as he proposes for his profit on the prime cost of the 
quarter, so many farthings must he add to the prime cost 
a/ the bushel, But tiie prime cost per quart, or per bushel. 
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may not be readily ascertainable ; it may involve a fraction 
of a farthing : thus, in the Table above, if, for instance, 
instead of 5«. 4(?., the com were 5«. 6d, per bushel, the 
price of the quart would contain such a fraction. In this 
case, the profit, at 2id, per quart, would be 2d, less than Sd., 
that is, it would be 6^. ; and at 2^^., it would be 6*. Sd, 
less 58. 6d,, that is, Is. 2d,y and so on. 

Calculations m befeeencb to Flour. 

A sack of flour weighs 2 J cwt., or 20 stone, or 280 lbs., 
and as, in certain calculations with which the flour-factor 
and the retail dealer ought to be familiar, this nimiber 280 
and its subdivisions very frequently enter, it will facilitate 
the numerical work if the following particiilars be preserved 
in the memory, namely 2S0d. = 23«. 4id. ; 280 farthings = 
58, lOd,, or 70d, ; and 280 sevenths of a farthing = lOd, ; 
so that 280 fourteenths of a farthing = 5d, 

That these are relations useful to be borne in mind the 
reader may convince himself even now, at the outset, for 
he here perceives that at Id, per lb., a sack of flour will 
cost £1 38, 4d,, and at a farthing per lb., 58, lOd. He 
sees, moreover, that for every farming added to the price 
of the lb., 58, lOd, is added to the price of the sack ; that 
every seventh of a farthing added to the price of the lb., 
adds lOd, to the price of the sack; and, consequently, that 
a whole farthing added to the price of seven lbs. (haK a 
stone), adds 10^. to the price of the sack; while the 
additional farthing to the price of a stone increases the 
price of the sack by 5d, And thus the retailer of flour in 
small quantities may readily estimate his profit, per sack, 
upon every advance of one farthing in the price, per lb. or 
per stone. 

We shall now give a few examples showing the applica- 
tion of such of the rules, in the foregoing pages, as are 
available in business transactions in fiour, and shall then 
supply the additional rules which these special transactions 
require, and which, to the retail dealer in particular, will 
be found to be of essential service. 

Examples in the Purchase of Flour. 

1. What "will 13 stone of flour come to, at 1«. Zd, per stone ? 
1*. Zd, = I6d,f therefore (Rule, p. 77) lbs. -f Is, dd, = 16*. 3<?., Ans. 
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2. What will 14 stone of flour com© to, at 1*. 4rf. per stone ? 

The price of 2 stone is 2*. 8rf., therefore (Rule, p. 77) 16*. + 2*. W. 
=z 18«. 8^., Am. 

3. What will 30 sacks of flour cost, at 29«. 3d. per sack ? 

£ s. d. 
B7 the Rule, p. 62, the price of 20 sacks is £29J = 29 6 

„ 10 „ = U 12 6 



30 = £43 17*. 6<f. 



4. What is the price of 20 sacks of flour, at 27*. 9<f. per sack P 

Am. £27 15s. 

5. What is the price of 60 sacks, at 32s. Zd. per sack ? Am. £96 15s, 
5. What is the price of 80 sacks, at 35s. 10^. per sack ? 

Am. £143 6s. M. 
7. What is the price of 38 sacks, at 34s. %d. per sack ? 
Am. £65 17s. ^d. 



Problem 1. 
The price ofllh. of flour being given ^ to find the price of a sack. 

EuLE I. — ^Multiply 58. lOd. by the number of farthings 
in the price of 1 lb. Or, 

EuLE n. — ^Annex a cipher to the number of farthings in 
the price of 1 lb., and call the result pence. Multiply by 
7, and the product will be the price of a sack. 

Examples. 

1. At l^d.f and 2|^., per Ih., what will be the corresponding prices of 
a sack of flour ? 



By Eule I. 



1 . At 7 farthings per lb. : 5s. lOd. 

7 



Am. 40s. 10^. 



2. At 11 farthings: 5s. lOd. 

11 



Am. 64s. 2d. 



1. At 7 farthings : 70d. = 6s. lOd. 

7 



By Eule U. 

2. At 11 farthings: llOd. = 9s. 2d. 

7 



Am. 40s. lOd. 



Am. 64s. 2d. 
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The reason of Bule I. is pretiy obvious : 58, lOd. is the 
price of a sack at a farthing per lb. ; consequently, at any 
number of farthings per lb., the price of a sack must be 
58. lOd, multiplied by that number. 

BiTLE U. is explained thus : By annexing a cipher to the 
price in farthings, we, in effect, multiply Aat price by 10, 
and by calling me result pence, we virtually again multiply 
by 4 ; that is, the price is now multiplied by 40 ; and then 
the &ial multiplication by 7 completes the multiplication of 
the price of lib. by the nimiber 280, and thus gives the 
price of 280 lbs. This second rule is a little the more con- 
venient of the two when the number of farthings in the 
price of 1 lb. exceeds 12. 

2. What is the price of a sack of flour, at Z^d. per lb. ? 

At 13/., by Rtde 2, 130^, = 10*. lOd. ; and this X 7 = 75*. lOd. 

3. What is the price of a sack of flour, at 2id. per lb. ? Ana. bis. 6d, 

4. What is the price of a sack of flour, at 3^. per lb. P Ans. SU, Bd. 



PeOBLEM 2. (OONVBESE OF PrOB. 1.) 

The price of a 8ach of flow being given, to find, the price of 1 lb, 

EuLB. — Divide the price of the sack, in pence, by 70 ; 
the restdt will be the number of farthings per lb. 

Examples. 

1. A sack of flour costs 40«. 10^., another costs 64«. Id, ; required 

the respective prices per lb. ? 
One sack costs 490 pence, the other 770 pence ; hence by the Eule : 
7,0) 49,0 7,0) 77,0 

7/ = Ifi. per lb. 11 /. = 1\d, per lb. 



The truth of the above rule will be seen from the follow- 
ing considerations. The price of 1 lb., in farthings, will 
be obtained by dividing the price, in farthings, of a sack, 
by 280. But this is the same as dividing successively by 
4 and by 70. Now by regarding the pence-price of a sack 
as so many farthings, we in reality take a fourth part of 
that price, or divide it by 4 ; and then again by dividing 
by 70, the result must be the same number of farthings 
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that we should get by dividing at once by 280, And this 
is the Rule. 

The price of a sack may, no doubt, be such that the 280th 
part of it may not be an exact number of farthings ; in such 
a case, a fraction of a farthing will be unayoidable, as in 
the example next following, namely : — 

2. If a sack of flour cost 41 5. 10^., what does it cost per lb. ? 
Here the price, in pence, is 502<;., and 502 -J- 70 == 7i§ ? bo that the 
accurate price of 1 lb. is 7 farthings and 12 seventieths, that is 6 thirty- 
fifths of a farthing besides. Such a price could not be paid in exists 
in^ coin. But if 12 pence were taken from the cost of the sack (12 
being the remainder, or overplus, after the division by 70), that is, if 
the price per sack were reduced to 40*. lOd., then the price per lb. 
would be exactly 7 farthings. The retail dealer, knowmg this, can 
readily find his exact profit per sack by increasing the 7 farthings by 
1 farthing, then by another farthing, and so on ; every additional far- 
thing to the price of a lb. adding Ss. lOd, to the selling price of the 
sack : thus, at 8 farthings, or 2d., per lb., the profit on the sack, 
at iU. \0d,, would be is. lOd, : at 2fef. per lb., the profit would be 
109, Sd,f and so on. 

Peoblem 3. 

The price of a stone of flour leing fftven, to find the price of a 

sach 

Etjle. — ^The price of a stone, in farthings (regarded as so 
many pence), multiplied by 5, will give the price of a sack. 

Forlby regarding the number of farthings, in the price 
of a stone, as so many pence, and then multiplying by 5, 
we, in effect, multiply the price by 4, and the product by 
5 ; that is, we multiply by 20. 

Note. — ^If the price of the stone be in shillings, without any pence, 
then the price of the sack is just so many poundis, as is obvious, and 
no calculation is required ; but if the price of the stone comprise 
shillings and pence, then, instead of turning the shlQings into fEirthmgs, 
it is better to write, for these shillings, so many pounds, and to deal 
as the rule directs with the odd pence only. 

Examples. 

1. If a stone of flour cost 15|^., what will a sack cost ? 

15f<f. = 63/. ; and QZd, = 6*. 3<f., which X 5 = 26«. 3i., Ans. 
Or (Note above), 3|<f. = 16 farthings ; and I6d, = 1*. 3rf., whidi 
X 6 = 6ff. Zd. ; and prefixing to this £1, for the shilling, we 
havo £1 6s, 8d. for the price of the sack. 
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2. If a stone of flour cost 11^^., what will a sack cost ? 

ll^ff. == 45/. ; and i6d. == Zs. dd,, which X ^ = 18«* 9^-> -<^^* 

3. If a stone of flour cost 13^., what will a sack cost F 

(Note, p. 88). Ans. £1 2s, 6d. 

4. If a stone of flour cost U, 7id.f what wiU a sack cost ? 

(Note, p. 88). Ans, £1 12«. 6d. 

[The last two examples may be worked by aid of the Table (p. 50), 
thus: Ex. 3. IZ^d, = 1^5. ; and £1J = £1 2». 6d. Ex. 4. 1*. 7J<?.= 
Iff. ; and £lg = £1 12«. 6d, But reference to a Table for such 
particulars may always be rendered unnecessary by a very trifling 
amount of calculation : thus, in the present case, — 

lid. = ^«. z= i «. = 1«. ; and 7id. = ?1*. = i^*. = ?«. 
^ 12 24 8 ^ 12 24 8 

Also 4 = ^«- = 2«. Sd. ; and £| = ^s, = 12*. 6d, And simUarly 
o __^ 8 8 8 

in all cases.] 

Problem 4. (Converse of Prob. 3.) 

The price of a socle of flour Idng given y to find the price of a 

stone. 

Exile. — Divide the nuinber of pence in the price of a sack 
(regarding these pence as so many farthings) by 5, and the 
result will be the price of a stone. For the price of a stone is 

pence in sack , pence in sack X 4 /. pence in sack/. 

20 **• - 20 ^ 6 ^'' 

which is the Eule. 

Examples. 

1. The price of a sack of flour being 26$. Zd.^ required the price of a 

stone? 
26*. Zd, = ZUd, ; and 315/ -f- 5 = 63/. = 15}<?., Arts. 

2. If a sack of flour cost 18«. M, what will a stone cost P 

18ff. M, = 225^. ; and 225/ -r 5 = 45/ = llj^., Ans, 

3. If a sack of flour cost 225. 6rf., what will a stone cost ? Ans, lZ\d, 

4. Kequired the cost of a stone of flour, at Z2s, 6d. per sack ? 

Ans. Is. *l\d, 

5. If a sack of flour cost 245., at what price per stone must it be sold 

in order that the retailer may gain about 5s. profit on the sack P 

rit may be instructive to work this example at length.] 
The sefliDg price must be at the rate of 29«. per sack : 29*. z= ZiBd. ; 
and 348/ -f- 5 = 69^/ = ll^d. + 1 /". This is the exact price at which 
a stone must be sold, in order that Uie gain, per sack, may be just 6s, 
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The gain would also be exactly this sum if the cost price of the sack 
were Zd, less than 245., and the selling price, per stone, 17^. ; seeing 
that the remainder from the foregoing division by 5 is 3. Hence, 
disregarding the fraction f/., the gain, at 17^^. per stone, is 58. ^ Zd,, 
that IS, is. 9d, ; the addition of a farthing to this price would add 5d, 
to the price per sack, that is, at 17^^. per stone, the profit, at 2i8. per 
sack, would be 6s. 2d. 

As the remainder, arising from dividing the farthings by 5, is always 
so many fifths of a farthing, it is well to remember that one-fifth of a 
farthing added to the price of the stone, adds Id. to the price of the 
sack ; thus, the f/. added to the 17 ^d. per stone above, raises the price 
of the sack from 245. -*3d^. to 245. 



Calculations respecting Oarkiage of Goods by 

Eailway, &c. 

The highest weight-denomination in the goods carried 
may be the cwt., or it may be the ton : special rules for the 
two cases here follow. 

Problem 1. 

To find the charge for carriage at a given mm per cwt. 

Rule. — CaU the number of cwts. so many shillings : we 
shall thus get the cost of carriage of these cwts., at fiierate 
of \b. per cwt. ; and for the additional smaller weights the 
charge, at this rate, would be, for \ cwt., ^d. \ for 14 lbs. 
(a stone), \\d. ; and for 7 lbs., ^d. Add these several 
charges together, and multiply the amount by the number 
of shillings per cwt., taking parts for the odd pence if there 
be any, as in the following worked examples. 

Note. — If the charge be pence only, without At 1». . 13*. 10j<f. 
any shillings, we are still, as here directed, to ' 

compute the charge at 1«., and then, taking parts „ 6^. .6 \\\ 

for the pence, to add together these parts only. ,, l^?. . 1 2 

For instance, in Ex. 2, page 91, if the charge for 

carriage be only 7d. per cwt., instead of 1«. 7(?., „ 7d. . 8«. \\d. 

the work would be as here annexed. — 

Examples. 

1. What will the carriage of 17 cwt. 3 qrs. 21 lbs. come to, at 3^. per 
cwt.? 

Vis. 4- 9d. + \d. -=. Vis. lljif., the charge at \s. per cwt, ; 
and Vis. Vi\d. X 3 z= £2 13^. 9f(;., the charge at 3«., Am. 



», 


d. 


27 


9 


13 


lOi 


6 


li; 


1 


2 
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2. What will the carriage of 13 cwt. 3 qrs. 15 lbs. come to, at 1«. Id, 

per cwt. ? 
[The 15 lbs. must be estimated as 1 stone (14 lbs.).] 

Charge at Is. per cwt. = 13«. -|- ^d, -|- IJ^* = 13«. lOW. ; and 

}of this (for 6rf.) =6 llj 

of this last (for Irf.) = 1 2 

Am, 21». n^d. 

The eliarge made in this case would, no doubt, be 22*. 
If the cost of carriage had been 2«. Id, per cwt., we 
should have computed exactly as above, and then, to the 
result here arrived at, should have added 18«. 10}(^., 
making the charge 35*. \Q\d, ; and if the charge had been 
3«. Id, per cwt., we should have added twice 13«. 10J(?., 
instead of once that sum ; and so on, since this sum is the 
charge at Is, per cwt. But when the charge is 
two or more shillings, besides odd pence, a little 
time and trouble may be saved by writing above 
the total charge at Is, as many times this charge 
as there are extra shillings, and then adding all 
49«. Sfrf. the amounts up ; thus, taking the charge for 

the foregoing weight of goods at 3«. Id, per cwt., 

we should recommend working as in the margin; the 
13«. IQ^d, being found, as above, and written down first ; 
twice this sum being then placed immediately above it, 
and the haK immediately below it. 

[It is obvious that if, instead of the cost of carriage being 
so much per cwt., the cost of the goods themselves were at 
that rate, the foregoing method of computation would be 
equally applicable to the finding of the cost of the whole.] 

Problem 2. 
When the charge for carriage is hy the ton, 

KuLE. — Call the tons so many pounds (£), and the cwts. 
so many shillings ; then, as in last problem, allow as 
follows: for J cwt., 3<?. ; for 14 lbs., l^d, ; and for 7 lbs., 
^d.y and compute as before. [The Rule applies as well to 
the cost of tne goods as to the carriage (see Ex. 3, p. 93).] 

If the charge per ton be more than £1, multiply the cost 
at £1 by the number of pounds (£), taking parts for the 
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shillings and pence, as in last problem; but if it be less 
than £1, the parts for the shillings are, alone, to be added 
together. 

Examples. 

1 . What is the charge for the carriage of 7 tons 5 cwts. 3 qrs. 14 lbs., 
from London to Manchester, at the rate of 25«. Zd, per ton ? 

£ a. d. 
Charge for 7 tons, at £1 7 

„ 5 cwts. „ 5 

„ 3 qrs. „ 9 

„ Hlbs. ,, 1} 

Total charge at £1 per ton £7 5 10^ 
For5ff. = i£ 1 16 6} 
Zd, = ^ 5«. 1 10 



Total charge at 25«. Zd. £9 4 2 



The work admits of contraction : it has been spread out, as in the 
above form, merely to exemplify the rale m fall detail. It is 
pretty obvious, however, that we may write down the total 
charge at the rate of £1 per ton, at once, so that the last four 
lines only comprehend all the work tiiat is really requisite. 

[It is scarcely necessary to state, in proof of the rule, 
that since 20 cwts. = 1 ton, the charge for 1 cwt., at 20«. per 
ton, must be 1«. If in the above example the 
charge per ton had been £2 5«. 3(?., or 
£3 58, Sd,y or &c., instead of £1 58. Sd,f we 
should have multiplied the total charge at £1 
by the number of these additional pounds 
per ton ; and, writing the product above the £23 
£7 58, 10J<?., the work would have stood as 
here annexed, supposing the rate of carriage to have been 
£3 58, Sd, per ton.] 

2. What is the charge for the carriage of 9 tons 9 cwts. 1 qrs. 16 lbs. 
from York to Newcastle, at the rate of lis, 6d. per ton ? 

By the Bole, the charge, at £1 per ton, is £9 9«. 4}<f.* 

„ 2«. 6e?. =J£ 1 3 S{Subtraet.) 

„ 178. 6d. £8 58, Sid.f 



£ 
14 

7 
1 


; d. 
11 9 

6 10 
16 6- 

1 10 


£23 lbs. lU. 



* J^. being allowed for the 2 lbs. above 14 lbs. 
f This would no doubt be regarded as £8 5^. 9<^. 
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[The charge per ton here being less than £1 by 28. Qd., 
the part for this deficiency is subtracted.] 

3. 215 tons 17 cwts. 3 qrs. 9 lbs., at £9 11«. 6}^. per ton ? 

£ «. d. 

1727 2 8 (at £8 per ton.) 

By the Biile, the charge, at £1 per ton, is 215 17 10 

„ 10*. = J£i8 107 18 11 

„ 1«. = t«jy 10*. is 10 15 lOj 

„ 6d. = i 1«. is 5 7 llj 

„ id.zzz-^ed. ia 4 6 z= lOSd, -f- 2 



Charge at £9 11«. 6jrf. = £2067 7«. S^. 

This would of course be considered as £2067 7«. 9d, 

iln reference to the last item above, namely, 48, 6d,, it 
I be noticed that the 24th part of 1 08«. (which £5 7* . 1 1 id. 
may be taken for) is the haft of 108 pence.] 

4. 45 tons 3 cwts. 3 qrs. 17 lbs. of goods were booked at Manchester 
for Edinburgh, at 1}^. per ton per mile (distance 272 miles) ; 
the Lancashire Company carried the goods 80 miles ; the York 
and Newcastle Company, 76 miles; the Newcastle and Berwick, 
64 miles ; and the Berwick and Edinburgh, 52 miles. What is 
the amount due to each Company P 

The weight carried is 903 cwt. 101 lbs. 

903 
903 
903 
101 



101237 lbs. 

5 = No. of farthings per 2240 lbs. (1 ton.) 

506185 -i- 2240 = 226/. = 56|^. = is. S^d. 

[It is plain that as many times as 2240 lbs. are contained 
in 5 times the whole weight in lbs., so many farthings will 
the carriage of that weight cost per mile. As, however, 
every number terminating in a is divisible by 5, the 
number 2240 is divisible by 5, the quotient being 448 ; so 
that the multiplication by 5, as above, might have been 
dispensed with; it would have been sufficient merely to 
have divided 101237 by 448. And it is specially worthy 
of remembrance, not only that every number terminating 
in is divisible by 5; but also that the quotient from this 
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division is always found by merely multiplying the number 
itself, after expunging tbe 0, by 2 ; thus, 2240 -f- 5 = 224 
X 2 = 448 ; 1370 -r 5 = 137 X 2 = 274; 63920 -:- 5 = 
6392 X 2 = 12784; and so on, generally; because ex- 
punging the is dividing by 10, the result being just half 
what the division by 5 would be.] 

Proceeding with the arithmetical work, we have now to 
calculate the separate charges at 4«. Sid. per mile, first for 
80 miles, then for 76 miles, then for 64 miles, and lastly 
for 52 miles. The work for the first of these charges may 
be computed as follows : — 

£ «. d. 

4 at £4 [that is, 80 at 4«.] = 16 

8 at 6s. Sd. [that is, 80 at SdA = '2 13 4 

J at 65. Sd, [that is, 80 at J^.J = 3 4 

Charge for the Lancashire Company £18 I65. Sd, 

Now the charge for 4 miles, being 4 times 4«. S^d., is 
18«. lOd.y and the charge for 12 miles is 3 times this, or 
£2 16«. 6d. Subtracting therefore the first of these sums 
from £18 16«. Sd., the second of them from the remainder, 
and then again from the next remainder, the computation 
is continued thus : — 

. £ 8. d. 

Charge for the Lancashire Company 18 16 8 For 80 miles. 

{Subtract) 18 10 „ 4 „ 

,, York and Newcastle „ £17 17*. lOd. ,,76 „ 

{Subtract) 2 16 6 „ 12 „ 



„ Newcastle and Berwick „ £15 Is. id. „ 64 „ 

(Subtract) 2 16 6 „ 12 „ 



>> 



Berwick and Edinburgh,, £12 4«. 10<?. „ 52 „ 



And the charge for the entire distance is £64 Os. Sd. ,,272 „ 

[The foregoing example does not, in strictness, belong to 
the present proMem, inasmuch as mileage is the most im- 
portant part of the railway charge : but we have thought 
that an instance of this land would be instructive to the 
reader, and we could find a no more appropriate place for 
it than under the head of the present division of our sub- 
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ject. "We have worked it above, with all the detail that a 
novice might require ; but in this, as also indeed in most of 
the worked examples in this book, there is a fulness of 
detail which, in actual business, would be for the most part 
suppressed. What in real practice would be but mentally 
supplied must appear before the eye in a printed book. 

The above osculation will suffice to show the Goods- 
Manager, at a Railway Station, how to compute the charge 
for any weight of goods, at any price per ton, per mile. It 
will also be a guide for Ticket-Clerks, m cases where several 
Companies are concerned in the carriage of the same goods ; 
and will Hkewise be of service to computers in the Clearance- 
House.] 

5. What is the charge for the carriage of 37 tons 13 cwt. 2 qrs. 18 lbs. 
from Bristol to Liverpool, at the rate of £1 13^. 10^. per ton ? 
Ans, £63 Us, ll^d, 

5. Hequired the charge for 43 tons 1 cwt. 1 qr., from Faddington to 
Edinburgh, at the rate of £2 Is, 9d, per ton ? Ans. & 102 16«. Zd, 

7. Eequired the charge for 84 tons 3 cwts. 3 qrs. 20 lbs., from Man- 
chester to Aberdeen, at 52«. 9^. per ton ? Ans. £222 \s, A\d, 



Calculatioits Useful in the Spieit Trade. 

[It will be found convenient in this business to recollect 
that 63 farthings make 1«. Z^d., and 63 halfpence 2b, l^d."] 

Problem 1. 
From the price ofaffaHon, to find the price of a hogshead. 

Rule I. — ^Multiply £3 Ss. by the number of shillings in 
the price per gallon ; 5«. Sd, by the number of pence ; and 
Is. Sid, by the nimiber of farthings ; and add the results. 

Rule II, — ^Regard the price, in shillings, per gallon as so 
many pounds and parts of a pound, and multiply it by 3 : 
multiply the price, as given, also by 3, and add the results. 

Of course, there will always be as many shillings (and parts) in the 
latter product as there are pounds (and parts) in the former. 
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Examples. 
1 . If the price of a gallon be 9^. 7^., wliat is the price of a hogshead ? 



By Rule I. 

£Z 3«. X 9 =: £28 7«. 

6«. Zd,X7 = £ 1 16«. 9d. 

l8, 3|rf. X 3 = 3«. Hid, 

Ana. £30 Is. ^^, 



By Rule 11. 
Take the price per gal. at 9s. %d. 
3 £9f + 3 (9*. %d,) = £30 9a. 0^. 
Subtract 63 far. = la. ^i, 

Ana, £30 la, %\d. 



[Note.— 3 X £9} = £29; and 3 (9«. %d,) =: 29a. The notation 3 
(9a. 8^.) means 3 times 9a. 8^.] 

The reason of Rule I. will appear evident from considering 
that £3 3«. = 63 shillings ; 5«. M, = 63 pence ; and Is. 3|<?. 
= 63 farthings ; and that the shillings in the price of a 
hogshead must be equal to 63 times the shillings in the price 
of a gallon ; the pence in the price of the former, equal to 
63 tmies the pence in the price of the latter ; and the 
farthings in the price of the former, equal to 63 times the 
farthings in the price of the latter, because 63 gallons make 
1 hogshead. In the above, each denomination in the price 
of a gallon — shillings, pence, and farthings — ^is multiplied 
by 63, and the products are added. 

As to Rule n., it is sufficient to notice that by taking the 
shillings in the price of a gallon as so many pounds, and 
multiplying by 3, we get the price of three-score, that is, of 
60 gallons; to which tiie price of 3 gallons being added, the 
amount must be the price of 63 gallons. 

It maybe observed here that, whatever be the capacity of 
the cask, — ^whether it contain 63, 54, 36, &c., gallons, the 
mode of computation is similar, as respects Rule I. Thus, 
suppose the cask contains 54 gallons, at 9«. 7 J(?. per gallon ; 
then to find the price of the whole, we have only to remem- 
ber that 54«. = £2 14«. ; 54(?. = 4«. Qd. ; and 54/. = U. lyt., 
and to proceed, after the model above, as foUows : — 



£ 9. 


d. 


£2 14a. X 9 = 24 6 





4a. 6(f. X 7 = 1 11 


6 


la. \\d. X 3 = 3 


H 



Ana. £26 Oa. 10^^. 
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For the first of the sums here added is 9 times 54«., which 
is, of course, the same as 54 times 98. ; the second, is 7 times 
54 pence, this being the same as 54 times 7 115,. 9^. 

pence ; and the third, 3 times 54 farthings 9 

is the same as 54 times 3 farthings ; so that 

the total amount of these three separate ^) ^^^^ ^ 
sums must be 54 times 9«. 7 id. And the 2 o) 62 lOi 

work would be similar for any other number ' — ! 1 

of gallons, — ^the rule being perfectly general £26 0«. lo^d. 

and quite irrespective of aU pecuHariiy as 

to the composition of the number proposed. The number 
54, taken above, is employed solely for the purpose of 
illustration ; it happens to be a number favourably con- 
stituted for computing by dozens, as it is composed of 9 
half-dozens; so that the work might be perhaps more 
expeditiously performed as in the margin after replacing 
9». 7id. by 115». 9d. (Eule p. 54.) 

It may be as weU to add here that, although the present 
problem concerns gallons only, yet this first rule equally 
applies, whatever be the nature of the single article, and 
whatever be the number of articles. We shall now give a 
few unworked examples for exercise in the two rules above. 

2. If the price of a gallon be 6«. 3^., what is the price of a hogshead ? 

Atis. £19 13«. 9d. 

3. If the price of a gallon be Ha. 9d., what is the price of a hogshead ? 

jins. £46 98. Zd. 

4. If a g^on cost 13«. 4^d., what will a hogshead cost ? 

An8., £42 2s. 1\d. 

5. If a gallon cost 11«. 5Jrf., what will 76 gallons cost ? 

Ans. £43 12«. bd. 

Note. — As a tan is equal to four hogsheads, the price of a tun is 
found by multiplying the price of a hogshead by 4. 

Problem 2. (Converse of Prob. 1.) 
From the price of a hogshead to find the price of a gallon. 

The most convenient way of solving this problem is to 
proceed by the method of common arithmetic, namely ; 

Rule. — Divide the price of the hogshead by 63 (or by 7 
and 9) ; the quotient will be the price of a gallon. For 
example : 

p 
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If the price of a hogshead be £46 9«. Zd,, what will be the price of a 
gallon ? 

£ t. d, £ 9. d. 

46 9 3 or, 7) 46 9 3 

20 

— 9) 6 12 9 

63) 929 (14*. 9d. Ans. 

63 14«. 9d, Ans, 



299 
252 

47 
12 



567 (9^. 
667 

As tliis is the process of ordinary arithmetic, additional 
examples may not be necessary ; but if the reader desire 
further exercise in the present problem he can take the 
reverse of the examples in the problem preceding, just as 
we have here taken the reverse of Example 3. 

The retailer of spirits can easily determine his profit upon 
the hogshead by recollecting that every penny added to the 
price of the gallon adds 5*. ^d, to the price of the hogshead. 
But the usual practice is to secure profit, not by increasing 
the cost price of the article, but by reducing its strength by 
diluting it. In this way the profit, per gallon, which accrues 
from adding a certain quantiiy of water, is not quite so 
readily estimated. Suppose, for example, that the prime 
cost per gallon is 12«., and that the retailer adds a pint of 
water to the gallon ; then he has got 9 pints of the diluted 
spirits for 125. ; a gallon of it therefore (8 pints) costs him 
only eight-ninths of 12«., that is, 12«. less one-ninth of 12«.; 
so that, as ith of 12». is 1«. 4<?., this is the profit he receives 
upon every gallon of the mixture, provided he sell it at the 
cost price of the unreduced article. 

The general principle may be expressed thus : — 

Whatever fraction the water, added to the gallon of spirits, 
is of the whole mixture, that fraction of the cost price of the 
sjiirits is the profit upon a gallon of the mixture. Thus, if a 
pint of water be added to the gallon of spirits, the profit, per 
gallon, of the mixture, will be ith of the cost of the gallon 
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of spirits ; if a quaxt be added, the profit, per gallon. Trill 
be ith the cost of the gallon of spirits ; if a s^allon be added, 
ihe profit, per gallon, of the mixture, will be half the cost 
of the gallon of spirits ; and so on. 

It may be useful to make this matter the subject of two 
or three distinct problems. 

Fboblem 3. 

Tlie prime cost of a gallon of spirits being given, to find how 
mwh pwre water must he added in order that an assigned 
amount of profit may he secured upon the outlay ; the selling 
price f per gallon, heing the same as the cost price of a gallon 
of the unadulterated article. 

The water costs nothing, but when incorporated with the 
spirits it fetches the cost price of the spirits, per gallon. 
Hence, this cost price, multiplied by the fraction which the 
water is of a gallon, is the profit upon the whole mixture ; 
and consequently the profit, divided by the price of a gallon 
of the spirits, must be equal to this fraction of a gallon of 
water. The rule is therefore this : — 

Rule. — Divide the proposed profit by the given price per 
gallon ; the quotient will be the fraction which expresses 
Sie portion of a gallon of water to be added. 

Examples. 

1. If a gallon of Bpirits cost 12«., how much water must be added to it 

in order that the mixture, at 12$. per gallou, may yield a profit 
of 2». ? 

2*. -f- 12«. = J of a gallon = |- pints = 1 J pints ; 

so that a pint and one-third of a pint of water must be added. 
This may be easily verified as follows : \ gallon of water being 
added, the measure of the mixture is 1^ gallons ; this, at 12«. 
per gallon, amounts to \2s. X li = Hs., which gives a profit of 
28. upon the outlay per gallon. 

2. If a gallon of spirits cost 13«. 6^., how much water must be added 

to secure a profit of 3«. upon this 13«. M. ? 
3*. -f- 13«. 6rf. = 6 -7- 27 = ^, the fraction of a gallon = |f pints 
= 1 pint and f^ths of a pint, that is, Jths of a pint. We shall 
verify this result, as in the former example. The measure of the 
mixture (replacing ift- by the equivalent fraction f) is If gallon, 
which, At 13«. 6^. per gallon, amounts to 27 sixpences X 1} = 

p 2 
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27 sixpences + 6 sixpences = 13«. 6d, + 3«. ; so that the profit 
is 3«. 

3. How much water must be added to a gallon of spirits at 15s. to 

secure a profit of 3«. 6^^. ? Ans. ifs of a. gallon. 

4. How much water must be added to a gallon of spirits at 14«. 6^. to 

secure a profit of 2«. 9d. ? Ant, H of a gallon. 

5. How much water must be added to a gallon of spirits at 18«. 4d, in 

order that the profit upon it may be 3«. 8^^. ? Ans. ^ of a gallon. 

[In the above problem the amount of profit is given to 
determine the quantity of water ; but if the quantity of 
water be given to determine the amount of profit upon the 
sale of the whole mixture, then, whatever be the quantity 
of water, the profit will obviously be the worth, of that 
quantity of unmixed spirits. How to find the profit per 
gallon of the mixture has been sufficiently explained in the 
directions immediately preceding the present problem.] 

Problem 4. 

1. A given quantity/ of sweetened water being added to a gallon 
of gpiritSy to find the profit on the prime cost of the gaUon^ 
the selling price being at the rate of the cost price per 
gallon, 

2.- To find how much sweetened water must be added to a gallon 
of spirits in order that the profit upon that gallon maybe a 
given sum, the selling price being the same as the cost price 
of the unadulterated spirits per gallon. 

The first part of this problem requires no special rule ; 
it is plain that whatever be the quantity of sweetened 
water added, the profit will be the cost price of that quan- 
tity of pure spirits less the price of the sugar. For the 
second part of the problem we give the following rule : — 

EuLE. — Divide fihe proposed profit by the prime cost of 
the gallon of spirits diminished by the cost of the sugar 
used in sweetening a gallon of water ; the quotient will he 
the quantity (or fraction of a gallon) of the sweetened 
water to be added. 

For if a whole gallon of the sweetened water were to be 

added, the profit upon the mixture would be the cost price 

of a gallon of the pure spirits, diminished by the cost price 

oi a gallon of the sweetened water ; consequently whatever 

fraction of a gallon be added, the profit will bo found by 
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luultiplyiiig the cost of a gallon of spirits l^ss tlie cost of a 
gallon of the sweetened water, by that fraction ; and there- 
fore the fraction itself will be the quotient arising from 
dividing the proposed profit by the cost of a gallon of the 
spirits diminished by ^e cost of a gallon of tne sweetened 
water ; and this is the rule. 

Examples. 

1. If a gallon of spirits cost 12«., how much sweetened water must be 

added to it, in order that the mixture, at 12«. per gallon, may 
yield a profit of 2s. , the cost of the sugar being 8^. for a gallon 
of the sweetened water ? 

2s, -f- 11*. id. = 2«. -f- His. = 3«f = iV of a gallon. 

Or, reducing at once to f ourpences, of which a shilling contains three, 
we have 6 -J- 34 = i^-, which is the portion of a gallon to be added to 
every gallon of pure spirits, in order that the profit on that gallon 
may be 2s. Or, 3 gallons (or 3 measures of any kind) of the sweetened 
water must be sulded to 17 gallons (or 17 like measures) of the spirits, in 
order that 2s. profit may be realized upon every gallon of pure spirits 
in the mixture. If the water were unsweetened, then to produce the 
same profit, per gallon of spirits, 3 gallons (or measures) of pure water 
must be added to 18 gallons (or measures) oi spirits ; or 1 of the former 
to 6 of the latter. (Ex. 1, Frob. 3.) As in the example here referred 
to, we shall now venfy the foregoing conclusion. 

Hie selling price of the whole li^ gallons is 12«. -|- -^ 12*., that is, 
12s. + ^'*- = 12*. + 2«. + ffrf. And the cost price is 12«. + -fj Sd. = 
12«. 4- fiM* ) hence, subtracting this amount from the former, 2*. is the 
amount of profit on the purchased gallon. 

2. If a gallon of spirits cost 13*. 6^., how much sweetened water must 

be added to it so that the reduced spirits, at the same price per 
gallon, may yield a profit of 3*. { the cost of the sugar in a gallon 
of the sweetened water being 10^. P 

Ans. ^tr of a gallon ; or 9 measures of the water to 38 of the 
spirits. 

3. If a gallon of spirits cost 2o8. lOd., and a gallon of sweetened 

water cost 9<f., how much of the latter must be added to the 
former, so that the mixture, at 25s. lOd. per gallon, may yield a 
profit of Zs. 6d. upon the outlay P 

Atis. 4^ of a gallon ; or 6 measures of the water to 43 of the 
spirits. 

[It will of course be remembered, in all cases coming 
under the present problem, that the predetermined profit is 
that upon each gallon of pure spirits in the mixture, and 
not the profit upon each gaUon of the mixture itself. To 
find this profit is the object of the next problem.] 
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Peoblem 5. 

A given quantity of water , sweetened or unsweetened^ being added 
to a gallon of spirits ^ to find the profit upon a gallon of the 
mixture if sold at as mtcch per gallon as the undiluted 
article cost. 

1. If pure water only be added to the gallon, the profit, 
upon the sale of the whole mixture, will obviously be equal 
to the cost of an equal measure of the undiluted spirits. 
Hence we have only to divide this profit upon the whole 
mixture by the number of gallons in it, in order to find the 
profit upon a single gallon of it. 

2. If the water added be sweetened, the profit upon the 
whole mixture wiU be the cost of an equal measure of 
spirits less the cost of the sugar in the water added ; so 
thatj by dividing this profit by the number of gallons in 
the mixture, the result must be the profit on a single gallon 
of that mixture. Hence, whether the water be sweetened 
or unsweetened, the rule is as follows : — 

EuLE. — ^Find the profit upon the sale of the whole mix- 
ture, or take this profit if it be already assigned (Problems 
3, 4), and divide it by the number of gallons in the whole ; 
the quotient will be the profit per gallon on the diluted 
spirits. 

Examples. 

1. If a gallon of spirits cost 129., i of a gallon of pure water must he 

added to it in order that the profit upon the whole mixture may 
he 2«. (Ex. 1, Proh. 3) ; what is the profit upon each gallon of 
the spirits so diluted P 
Here the whole mixture measures 1 J gallons, the profit on which is 

28, ; therefore 28. -f- IJ, or ^s. = I*. Sfd. is the profit per gallon on the 

diluted spirits. 

2. The quantity of pure water which must he added to a gallon of 

spirits, at 13^. 6^., in order that the profit upon the whole 
mixture may be 3*., is f of a gallon (Ex. 2, Prob. 3) ; what is 
the profit, per gallon, on the diluted spirits ? Ans. 2s. 6fyl, 

3. The quantity of sweetened water, worth lOd. per gallon, to be 

added to a gallon of spirits, at 13«. 6d.j in order that the profit 
upon the whole mixture may be 39. , is 3^ of a gallon (£bc. .2, 
Prob. 4) ; what is the profit, per gallon, on the diluted spirits ? 
Ans. 28. 6:^d. 

[The reader is recommended to verify these two results ; 
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tliat is, to prove first that if the profit upon a gallon of the 
mixture be 28, 5-^,, the profit upon 1 J gallons will be 3s. ; 
and secondly, if the profit upon a gallon of the mixture be 
28, S-fyd.y that the profit upon 1 A- gallons will be just the 
same, namely, Ss, It may be weU to give a hint as to 
the best way of doing this. Take the latter case, but, to 
get rid of the fraction, multiply 1 3\ by 38 ; we thus have 
47 ; and2«. 5-^. x 47 = 94«. + 240(f. = 114»., which 
divided by 38 gives 3«., as it ought to do.] 

Peoblem 6. 

To find how much tvater, sweetened or unsweetened, must he 
added to each gallon of spirits, in order that the profit upon 
a gallon of the mixture may he an assigned sum, 

BxTLE. — 1 . Add the proposed profit upon a gallon of the 
mixture to the cost of a gallon of the water. \J1 unsweet- 
ened this cost is of course nothing, and there is then to be 
no addition.] 

2, Subtract the result from the cost of a gallon of the 
spirits, and divide the proposed profit by the remainder ; 
the quotient will be the portion of a gallon of the diluting 
liquid to be added to each gallon of spirits. 

Examples. 

1. How much pure water must be added to a gallon of spirits, at 13«. 

6</. in order that the profit upon the mixture may be at the rate 
of 28, 6-frd, per gallon ? We proceed by the Rule as follows : — 

13«. 6d. - 28, 5^d. = 162^. — 29^^d. = U2^d. We have 
therefore to execute the division of 29^' by 132^^, and in order to 
accomplish this, without the fractions, we multiply both dividend and 
divisor by 11 ; we thus have, 324 -7- 1468, or ^/^ = § of a gallon 
of water, as we otherwise know it ought to be (see Ex. 2, p. 99). 
The } is the fraction 1^^ in its lowest terms ; for both numerator and 
denominator of that fraction are divisible by 162, the numerator 
giving 2 for quotient, and the denominator giving 9. 

In this example the water is unsweetened, and therefore costs 
nothing. We shall now work an example in which the water ia 
sweetened, and therefore involves an outlay ; we shall then give the 
reasoning from which the rule is deduced. 

2. How much sweetened water, worth 10^. a gallon, must be added 

to each gallon of spirits, at IS^. 6d., in order that the profit 
upon the mixture may be at the rate of 28, 6^fd, per gallon ? 
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2*. 55^. + 10«. = Sfc. S^-ff. = 395^; tiien, Ijf the Eole, 162rf. - 
SP^W. =: 12^S«. ; and ly this tiw profit per gillcm, namely, 29i^., 
is to be drrided. In order to readihr pesf arm the diTision, take 47 
times dhidend and diriBar : 'we BhaH then haTC 1368 -7- 5776 ; or, 
dhidinc eadi number 'br 15!!s thefiBCticm is ^, the portion of a gallon 
of EweOBDBd. ^water to be added to each gaOon of gpuits. (See Ex. 3, 
plO!L 

The f or^roiiig mle is dedaced from the following con- 
Eaderaticms. to TrLich it is neoessaiy, for the clear percep- 
tion of its tnzth. thai the reader give careful attention. 

1 . The profit upon the irhole mixture consists entirely of 
the profit upon the measnre of diluting liquid which is 
added to the gallon of spdiits, it being sold at the same 
price as an eqiial measure of the spirits costs. 

2. Suppose^ for convenience^ we represent the unknown 
fraction of a gallon which measures the quantify of the 
diluting liquid to be added to the gallon of spirits, by 
the symbol q. : * then this portion of a gallon sells for 
the fdi part of the cost of a gallon of the spirits ; that is 
it sdls for the cost of a gallon of the spirits multiplied by 
f , whatever fracti<m f may represent ; but it costs the qiSi 
part of the cost of a gallon of the diluting liquid ; that is, 
it costs the value of a gallon of the diluting liquid multi- 
plied by the fraction ^ . Hence, the profit upon the whole 
mixture is what remains after subtracting this product 
from the former. 

3. But we want to know the profit, not upon the whole 
mixture, but upon only a gallon of it ; let us then imagine 
the excess above a gallon to be taken away ; we shall flius 
take away from the profit on the whole the profit on the 
portion abstracted ; and since the quantity 01 the mixture 
subtracted is just equal to the quantity of the diluting 
liquid that was previously added, the profit thus taken 
away from the whole profit is a jth part of the profit per 
gallon, and the remainder is the profit on the remaining 
gallon of the mixture. The $th part of the profit, per gal- 
lon, is, of course, expressed by multiplying me profit upon 
the whole gallon by the fraction q, 

* The reader may replace the symbol q by any fraction he please, 
*^y> i* i> h h &c.; and then, substituting this fraction throughout the 
following reaBODing for the letter q, he will find, choose whateyer frac- 
lion he may, that the inferenee is the ssme. 
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4. It thus appears that the profit upon this remaining 
gallon of the mixture is to be found by subtracting from 
the cost of a gallon of the spirits when multiplied by q^ the 
cost of a gallon of the diluting liquid when multiplied by q, 
and then further subtracting the profit, per gaUon, of the 
mixture when multiplied by q : — each item is to be multi- 
plied by q. 

The inference therefore is, that if we add the profit upon 
a gallon of the mixture to the cost of a gallon of the dilut- 
ing liquid, subtract the sum from the cost of a gallon of the 
spirits and multiply the remainder by the fraction q, the 
product will be the profit, per gallon, on the mixture. 

5. But if the product of two factors be divided by either 
factor, the quotient must be the other factor. Hence, if we 
divide the profit, per gallon, on the mixture, by the above- 
mentioned remainder, the quotient will be the fraction q ; 
that is, the fraction of a gallon of the diluting liquid which 
must be added to a gallon of the pure spirits, in order that 
the assigned profit, on a gallon of the mixture,, may be 
realized. And hence the rule. 

3. How much pure water must be added to a gallon of spirits, at 12«. 

in order that the profit upon a gallon of the mixture may be 
U. 8H ? 
Ana, i of a gallon ; or 1 gallon of water to 6 gallons of spirits. 

4. How much sweetened water, worth 9d, per gallon, must be added 

to a gallon of spirits, at ISs. 9^., in order that the profit, per 
g^oo, on the mixture may be 2«. 6d. ? 

Ana, i of a gallon ; or 1 gallon of the water to 5 gallons 
of the spirits. 

This problem may be otherwise investigated as follows. Suppose q 
gallons to be the quantity of water, sweetened or unsweetened, to be 
added ; then it is plain that q (cost of a gallon of spirits — cost of a 
gallon of water) = profit on the I + q gallons ; therefore, profit per 

gallon =:—^ (cost of a gallon of spirits — cost of a gallon of water) ; 

therefore) -JlJ profit per gallon = cost of a gallon of spirits — cost 
of a gallon of water ; 

therefore, •-- profit per gallon = cost of a gallon of spirits - (cost of a 
q 
gallon of water -f- profit per gallon). 

therefore q = 

Profit per gallon of mixture. 

cost of gal. of spirits - (cost of gal. of water -f- profit per gal. of mixture) . 
And this is the Bulb at page 103. 

r3 
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But the Bole may be established in another and a more easy way, by 
aid of the general principle at page 118, as follows. 

Let A be the number of shillings, or of pence, in the cost of a gallon 
of the spirits ; C the number in the cost of a gallon of the water ; and 
B, the number in the cost of a gallon of the mixture : also, let P denote 
the number of shillings, or pence, in the profit, per gallon, on this 
mixture. Then, by the principle referred to, a compound, at the stipu- 
lated price per gallon, will be obtained by mixing B — C gallons of 
spirits with A — B gallons of the water ; that is, since A— B = P, and 
therefore B=:A-.P, andB— C = A — — P, 

A — (C + P) = the number of gallons of spirits. 

and P = ,, the water. 

p 

Hence to one gallon of spirits there must be added — . 

A — (O -j- P) 

gallons of the water, as above. 



Problem 7. 

To jM the proportion in which spirits, at two different prices 
per gallony mmt he mixed in order that the compound may 
cost an assigned intermediate price per gallon. 

Rule. — Divide the difference between the higher price 
and the intermediate price by the difference between the 
intermediate price and the lower price ; the quotient will be 
the quantity of the cheaper spirits to be added to a gallon 
of the dearer. 

Or, divide the difference between the intermediate price 
and the lower price by the difference between the higher 
price and the intermediate price ; the quotient will be the 
quantity of the dearer spirits to be added to a g^on of the 
cheaper. 

Examples. 

l.What quantity of spirits, at 9^. 6d. per gallon, must be mixed with 
a gallon of spirits at 15«., so that the cost of the compound may 
be 13«. 6d, per gallon ? 

15*. -. 13«. 6d, = Is. ed, = ISd. : 13«. 6d, — 9*. 6rf. = 4a. = 48rf. ; 
and il = I, the part of a gallon to be added; or 3 gallons of the 
inferior spirits to 8 of the superior, as may be thus verified : 3 gallons 
at 9*. 6rf. cost 28*. 6^., and 8 gaUons at 15«. cost 120«. ; so that the 
entire 11 gallons in the compound cost 148«. 6<?., and therefore the cost 
or a angle gallon is 148a. 6(?. -i- U •= \^8, ^d., «& it ought to be 
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2. What quantit}r of pure water most be added to a gallon of spirits 

worth 12«., in order that the mixture may coat at the rate of 10«. 

per gallon? 
Here the inferior spirit (so to call it) is worth nothing. The first of 
the two differences is 12«. — 10«. = 2«. ; the second is 10«. itself ; 
therefore 2s. -f- 10«. = i, the part of a gallon of water to be added. 
The measure of the whole mixture is therefore H gftl** &nd its cost 12«. : 
hence its cost per gallon is 12«. -7- 1^, or 60«. -7- 6 = 10s., as it ought 
to be. And there must be 1 gallon of water to every 5 gallons of 
spirits.* . 

3. How much sweetened water, at 9d. per gallon, must be added to 

a gallon of spirits, at 1 5s. 9d,, so that the compound may cost 
at the rate of 13«. Zd. per gallon ? 

168. 9d. — 13«. Sd. = 2s. Sd., and IZs. Zd. — 9rf. = 12*. 6<f. 
28. 6^. ^ Us. M. = 2J -7- 12J = A = J [See £x. 4, Prob. 6.] 

4. How much spirits, at lbs. per gallon, must be mixed with a gallon 

at 9«. 6^. in order that the compound may cost at the rate of 
13«. 6^. per gallon? 

13«. 6^. — 9*. M. = is. : 16*. — 13*. 6rf. = 1*. 6<f. : then 

48rf. -7- 18(f. = tS = 5 = 2| gallons, the quantity required. Let us 
verify this : the cost of the whole 3| gallons is 9«. Qd, + 15*.X 2f =: 
9s. 6d. -f- 40«. == ids. 6d.f and therefore the cost of 1 gallon is ids. 6d. 
-7- 3f, or (multiplying each by 3), 1485. 6(/. -f-11 = 13*. 6d., as it 
ought to be. 

And in this way may the truth of the Eule be tested, and 
satisfactorily proved, in every individual example to which 
it is applied. To prove it generally, without reference to 
particular examples, like the proof of the preceding Eule 
(Prob. 6), would be rather a tedious business without the 
aid of Algebra. (See, however, p. 118.) 

It is evident that the proportion in which the two kinds 
of spirits are to be mixed, so that the cost price of a gallon 
of the compound may be a predetermined sum, being found 
as in the foregoing examples, the retailer has only got to 
increase this cost price by what he proposes for profit, per 
gallon, of the mixture, in order to know the proper retail 
price per gallon. 

As such calculations as the above, concerning the mixing 
of spirits, must be the same, whatever be the ingredients 
mixed, we shall continue the subject under a more general 
head. 

* It will be seen that the present Eule is but a more general form 
of that at p. 103 (Prob. 6). What here is inferior spirits, is there pure 
or sweetened water. A Bule still more general is gLven at p« IQ9« 
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Calculations useful in the Mixing of Teas, Sugaes, 

Spirits, Grain, &c. 

Problem 1. 

WTien given measures {or weight) of ingredients, at different 
prices, are mixed together, to find the price of a single 
measure {or weight) of the mixture. 

Rule. — ^Multiply tlie price of one measure (or weight) 
of eacli ingredient by the number of measures (or weight) 
in it, and add all the products together; add also the 
different measures (or weights) themselves together, and 
divide the former simi by the latter ; the quotient will be 
the price of a single measure (or weight) of the mixture. 

Examples. 

1. If 4 cwt. of sugar, at 66«. per cwt., 7 cwt. at 435., and 6 cwt. at 37».i 
be mingled together : what will 1 cwt. of the mixture be worth ? 

8. 8, 

56X4 = 224 
43X7 = 301 
37 X 5 = 185 



16) 7105. (4415. = 44s. 4j<f., Ans, 

It is plain that in every case, as well as here, the worth of the whole 
mixture must be the worth of all the ingredients. In the present 
instance the worth of the whole 16 cwt. in the mixture is found to be 
7105. ; and therefore the worth of 1 cwt. of it must be the 16th part of 
7105., namely, 445. 4J^, 

2. If 27 bushels of wheat at bs, 6d, per bushel, the same quantity of rye 
at 45. per bushel, and 14 bushels of barley at 35. per bushel, be 
mixed together, what will be the worth of abushel of the mixture P 

27 at 55. 6d. = 1485. 6d. 
27 „ 4 = 108 
14 „ 3 =42 



68) 298 6 (45. i^d. + H/., Ans, 

If the mixture be sold at 45. 6d, per bushel, the gain upon the whole 
68 bushels would be 68 times 1 farthing plus 68 times -fyf. ; that is, 
68/ + 20/. = 88/ = l5. lOd. 

3. IfSgaJloBS of wine at 75. per gallon, 9 gallons at 85. Qd., and 14 J 
gallona at 6s. lOd, be mixed togetkeX) what will a gallon of the 
mixture he worth ? Am. 68. lO^d, 
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4. If 20 bushels of wheat at Ss., 36 bushels of rye at 3«.» and 40 

bushels of barley at 2s. be mixed together, what will be the 
worth of a bushel of the mixture P Am, Zs. 

5. If 20 ^lons at 5«. id., 12 at 68., 30 at Gs., and 20 at is. 6d. be 

mixed together, what wiU the mixture be worth per gallon P 
Ans. 68. Zid.+iif. 

Problem 2. 

The price of each of the several ingredients being given, to find in 
what proportions they may he mixed together, in order that 
the composition mwy hear a given price. 

Rule. — ^Write tlie prices of tlie ingredients one under 
another in a column, commencing with either the lowest 
price or the highest, and proceeding in order, leaving a small 
space to separate the prices, each of which is higher than the 
proposed intermediate price, from those which are lower ; 
and to the left of the colimm, against this space, write the 
given intermediate price. 

2. Link together, by a curve or connecting line, each 
number above the space with one or other of the numbers 
below it, and each number below the space with one or other 
of the numbers above it. 

3. Against the first number in the column of numbers 
write the difference between the nimiber with which it is 
linked and the isolated nimiber to the left of the space ; and 
if it be linked to more numbers than one, write the sum of 
all the differences ; and do the same with every number in 
the colimm. The numbers thus written against the several 
prices will express what quantities, at those prices, may be 
mixed together. 

Note. — ^When more than two ingredients are to be mixed, they may 
be mixed in different proportions, and yet be worth the assigned price 
per gallon, poimd, cwt., &c., as will be sufficiently seen in the foUow- 
ing examples. 

Examples. 

1. In what proportion may teas, at is. M., is., Zs. Sd., and 2s. 6d. 
per lb., be mixed, in order that the mixture may be worth Zs. lOd. 
per lb ? 

Froof. 



66 
48— 
4^ 

44— 

so- 



le at is. Sd. 
2 „ is. 

2 ,, Zs, Sd. 
10 ,, 28. 6d. 



16 a.t66d.=zS9ed. 

2 „ 48 = 96 

2 „ 44 = 88 

10 „ 30 = 300 



\ aO^ \^'^^V»kU.'=:.'^.\^^. 
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Otherwise^ 



46 



66— 
48— 


■"^ 


2 at is, Sd, 
16 „ 4«. 


44— 
30— 


— 


10 „ Zs, Sd. 
2 f, 2s, 6d. 





Proof, 




2 at 56^. 


= 112^. 


16 


„ 48 


= 768 


10 


M 44 


= 440 


2 


„ 30 


= 60 



30) 



1380 {i6d. 



Hence the mixture may be in either of these two propor- 
tions ; or, taking only hsdf of each of the ingredients, the 
desired compound will be produced by mixing together 8 lbs. 
of the highest price tea, 1 lb. of the next highest, 1 lb. of the 
next, and 5 lbs. of the cheapest ; or otherwise, by taking 1 lb. 
of the highest price, 8 lbs. of the next price, 5 lbs. of the 
next, and 1 lb. of the cheapest. And generally, in all cases 
of the kind, the several weights or measures of the com- 
ponent ingredients being determined, as above, they may all 
be multiplied or divided each by the same number, — any 
number we please ; since the resulting quantities will be to 
one another still in the same proportion; and therefore 
however large the quantities of the separate ingredients in 
either of the sets determined by the foregoing process may 
be, they may all be reduced, by division, so as to come 
within any lunits, as to quantity, which we may choose to 
fix. "We see, however, that the proportions of the distinct 
ingredients in the different sets found by the Eule, may 
themselves be very different: — no common multiplier or 
divisor applied to the several quantities in the first set above, 
will give the several quantities of the second set. (See the 
remarks at page 116.) 

2. In what proportion may whiskies at 16«., 18«., and 22s. per gallon 
be mixed, so that the compound may be worth 20«. per gaUon ? 



20 



16 2 at 16*. 

18— 2 at ISs, 

22:=— 4-f2 = 6at22«. 



Or, taking the half of each, 1 gallon at 16s., 1 gallon at 18s., and 3 
gallons at 22s. : the whole number of gallons being 5, and their 
value 16s. 4- 18s. -|- 66s. = 100s., which, divided by 6, gives 20»., 
the price oi 1 gallon of the mixture, as it ought to do. And in 
a sunilar manner may the accuracy of the general rule, aa 
applied to any particular case, "be "gtoN^^. 
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3. In what proportion may Bpiriti at I6a.f 14«., Qa., and Bt,, per 

gallon be compoundea in order that the mixture may be worth 
lOs, per gallon ? Am, 1 gal. at 168,, 2 at 149., 6 at 98,, and 
4 at S8, 

4. In what proportion may raisins at id., 6d., and 10^. per lb. be 

mixed, so that the compound may be worth 8^. per lb. ? 
Ans, 1 lb. at id., 1 at 6d., and 3 at lOe^. 

5. Four sorts of cheap wines at Is. 6d.f Is. Sd., 28., and 28. id., per 

quart, respectively, are to be mixed together, so that the com- 
pound may be worth Is. lOd. per quart : required the quantity 
of each sort that may be used P 

Afta. 1 quart J at 1^. 6d., 3 at Is. Sd., 2 at 2s., and 1 at 2a. id, 
^ Or 3 at la, 6d., 1 at U. Sd., 1 at 28., and 2 at 2s. id. 

[From what is here shown, the reader will readily perceive that the 
special Kule given in the last article (p. 106) is comprehended in the 
general Bule above, and that the examples already worked by that Rule 
may be very convenientlj solved by this ; we shall here select two of 
them, and give the solution of each in the margin. 

1. Spirits at I2a. per gallon are to be mixed with as much water as 

will reduce the value to lOs. per gallon ; , „ 10 at 12« 

required the proportion of water to the 10 ^ I ^ « . I». 
spirits? (Ex. 2, Prob. 7.) The proper- """' f?? i 12« ' 

tion must be 6 gallons of spirits to 1 ^ , . q' 

gaUon of pure water, the cost of the water being 0. 

2. Spirits at Ida. 9d. per gallon are to be diluted with sweetened 

water, at 9d. per gallon, in such , g o , , ni 

proportion that the mixture maybe 13*. 3d. ' « ,' I -_? oi 
worth 18*. Zd. per gallon ; required ^^'Jc ^^^ P' 

the proportion ? (Ex. 3, Prob. 7.)] or i& ana 6. 



Peoblem 3. 

When one of the ingredients is limited to a certain quantity, 
and the prices only of the other ingredients are given, to find 
how much of each of these latter may he mixed with the given 
fixed quantity of the former, in order that the whole mixture 
may he worth a proposed intermediate price, per pound, 
gallon, Sfc, 

EuLE. — 1. Arrange the several prices in column as before ; 
and, as before, take the difference between each and the 
intermediate price. 

2. Then, as the difference written against the price of the 
given quantity is to any other of the differences, so is the 
given quantity itself to the quantity against the ^rice of 
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wliich that other differGiicG is Trritten. Or, which is the 
same thing, multiply the given quantity by the difference 
written against the price of any other of the ingredients, 
and divide the product by the difference written against the 
price of the ingredient whose quantity is given : the quotient 
will be the quantity to be taken of liiat other ingredient. 



Examples. 

1 . A grocer proposes to mix 20 lbs. of coffee, at I5d. per lb., with other 
coffees at 16d., ISd., and 22d. per lb., so that the mixture may 
be worth 1 7d. per lb. : how much of each of the three latter may 
he use ? 



17 



lb 


6^ 


i lbs. 


16-, 


1 


' { 5 : 1 : : 20 : 4 Ibs. at IG^. 
)^Then, per Rule, { 6 : 1 : : 20 : 4 lbs. at ISd 


18— 


1 


( 5 : 2 : : 20 : 8 lbs. at 22d 


22 


2) 





Or, 



20 lbs. -7-6 = 4 lbs., 20 lbs. -i- 6 = 4 lbs., 40 lbs. S- 5 = 8 lbs. 



Otherwise, 




Then, 



f 



20 lbs. X 5 
20 lbs. X 2 
20 lbs. X 1 



100 lbs. at I6d. 
40 lbs. at ISd, 
20 lbs. at 22^;. 



[Other suitable mixtures may be obtained by linking the 
pairs differently.] 



Verijleation of the first set of 
results. 
4atl6<f. = 64ef. 
= 72 
= 176 
= 300 



4 „ 18 

8 „ 22 

and 20 „ Id 



» 



36) 



612 (17^. per lb. 



Verification of the second set of 
results. 
100 at l%d. = 1600«?. 
40 „ 18 = 720 
20 „ 22 = 440 
and 20 „ 16 = 300 



180) 



3060 (I7rf. 



2. How much wine at 65., bs. 6d., and 6s. per gallon, may be mixed 
with 3 gallons at is. per gallon, so that tiie mixture may be 
worth 6s. 4d. per gallon ? 
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64 



48— 
60— 

66— 

72— 



8 

2X3= 6, whichi -^ 8 zz } at 60d. = ibd. 



4 
16 



X 3 
X3 



12, 
48, 



it 
ft 



= ^ tt 66 

= 6 „ 72 

Also 3 „ 48 



ft 



99 
432 
144 



11 J 720rf. 

Multiplying divisor and dividend each by 4 . . 45) 2880 (64^. 

Here the work is arranged so as to exhibit the required results, and 
the verification of them, in a more compact form. The answer is } gal. 
at 58,, li gallons at 5«. 6^., and 6 gallons at 6«. 



Otherwise. 



64 



48rz 

60— 



66! 
72- 



tss 



= 10, 



10, which X 3 and -f 10 = 3 at 60d. = IBOd. 



4 + 16 
16+ 4 



20, 
20, 



tt 
tt 



Also 



= 6 „ 66 

= 6„ 72 

3„ 48 

18) 



= 396 
= 432 
= 144 

1152(64 



Therefore the desired mixture may also be prepared by adding to the 
3 gallons at 4^., 3 at bs., 6 at os. Gd., and 6 at 68. We would recom- 
mend that in these examples the truth of the results be always tested 
and verified in this way. (See the General Remarks at page 116.) 

3. A grocer wishes to mix teas at 6«., 5*., and 35. per lb., respectively, 

with 20 lbs. at 2«., so that he may aff'ord to seU the mixture at 
4«., per lb. : what quantities wiU suffice for the purpose ? 

Ans. Either 20 lbs. at 6^., 10 lbs. at bs., and 10 lbs. at 3s., 
or, 20 lbs. at 6^., 40 lbs. at 5s., and 40 lbs. at 3s. [Sec 
Note below.] 

4. Spirits at 7*. and 4s. per gallon, respectively, are to be mixed with 

40 gallons of other spirits at 12s. per gallon : what quantities 
will suffice, in order that the compound may be fairly charged 
at 8s. per gallon P Ans, 32 gallons of each. 

Note. — The prices of the several components in Example 3 are so 
related, that the question may be answered at once, without employing 
the pen : we know that 6s. tea and 2s. tea, mixed in equal quantities, 
any whatever, will make 4s. tea ; and so likewise will equal quantities 
of 6s. and 3s. tea. Hence a suitable compound will be obtained, by 
taking 20 lbs. of the 6s. tea, and any equal weights whatever of the teas 
at bs, and 3s., and then mixing all with the given 20 lbs. at 2s. The 
two sets of components above, are those only which the Kule deter- 
mines. (See the Remarks at page 116.) 
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Pkoblem 4. 

TFhen the quantity of each of two or more of the ingredients is 
given, to find how much of each of the other ingredients 
will he required to make the mixture of all worth a proposed 
intermediate price, per pound, gallon, Sfc, 

Rule. — ^First find the price per lb., gallon, &c., of the 
mixture formed by combining those ingredients only of 
which the quantities are given (Prob. 1, p. 108). 

Then, regarding this mixture as so many lbs., gallons, &c., 
of a single ingredient, at a given price per lb., gallon, &c., 
proceed as in last problem. 

Examples. 

1. 3 lbs. of tea at 25. per lb., and 6 lbs. at 2s. 6^., are to be mixed with 
two other sorts, at Za., and 49., respectively, so that the mixture 
may be worth 3«. M, per lb., how much of these other sorts 
must be used for the purpose P 

First ; 3 lbs. at 2«. = 6«. 
and 6 lbs. „ 2\8.z=.\b8. 

9) 21*. (2J*. = 2«. 4<f. 

We have therefore to mix 9 lbs. at 2s. id. with other teas at 3«. and 
is., in such quantities as to produce a mixture worth 3s. 6d, per lb. 
The proper quantities are to be found by the former Bule, thus : — 

6 

6 which X 9 and -f- 6 = 9 at 36rf. = 324<f. 



28- 



36— 
42 
48— 



14 + 6 = 20 „ =30 „ 48 = 1440 

Also 9 „ 28 = 252 

48) 2016 (i2d. 

ITcnce, if to the given quantities there be added 9 lbs. at 3»., and 
30 lbs. at is., making in the whole 48 lbs., the mixture, as here shown, 
will be worth i2d. per lb., as it was required to be. 

2. A grocer desires to mix 4 lbs. of coffee, at la. 6d. per lb., and 8 lbs., 

at Is. lOd., with such a quantity of other coffees, at I6d. and 16rf. 
per lb., respectively, as will make the mixture worth 17 d. per lb. 
How much of these other coffees must he use ? Ans. 14| lbs. of 
each. 

3. A retailer of spirits mixes 5 gallons of spirits, at 9s. 6d. per gallon, 

with 7 gallons, at lOs. 6d.; and he then desires to add a 
Buficient quantity, at Ids. per gallon, as wiU make the whole 
mixture worth 12s. per gallon : how much of the latter most he 
add ? Ans, 23 gallons. 
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Pboblem 5. 

JFheft the price per gallon, pound, Sfc, of each ingredient in 
the compound, is given, to find the several quantities which 
mag he taken, in order to form a mixture of assigned 
measure or weight, at an assigned price per gallon, 
pound, Sfc. 

Rule. — ^Take the difference between eacli given price 
and the assigned intermediate price, as before : then — 

As the sum of the differences is to either one of those 
differences, so is the whole compound to the quantity of 
that particular ingredient against the price of which the 
difference thus employed is written. 

Examples. 

1. A druggist desires to mix ingredients at lid., \Qd., 6d., and id. 
per lb., so as to make a composition of 144 lbs. worth Sd, per lb. : 
what weight of each may he take ? 



12- 



10— 
8 
6- 
4— 



4 48 at I2d. = 676^. 

2 24 „ 10 = 240 M2 : 4 : : 144 lbs. : 48 lbs. 

2 24 „ 6 = 144 ( 12 : 2 : : 144 : 24 

4 48 „ 4 =192 



12 144) 1152 (8^. Proof. 

By linking differently, it will be found that by mixing 24 lbs. at 12d., 
48 lbs. at 10^., 48 lbs. at 6d., and 24 lbs. at id., the desired composition 
will also be formed. (See the Remarks following.) 

2. A grocer desires to mix together currants at 11^., 9^., 6^., and id. 

per lb., so as to make a mixture of 240 lbs. worth 8rf. per lb. 
How many lbs. of each sort may he use ? 

Ana. 96 lbs. at lid., 48 at 9<f., 24 at M., and 72 at id. 

3. Sweet wines at bs., 6«., 85., and 9«. per gallon, are to be mixed so 

as to make 87 gallons worth 7*. per gallon ; how much of each 
sort wiU suffice for the purpose ? 

Ana. 14^ gals, at d^., 29 at 65. , 29 at 8^., and 14^ at 9^. 

4. What quantities of the several kinds of coflfee, at Ibd., 17 d., I8d., 

and 22e^. per lb., may be mixed together in order to make a 
composition of 40 lbs. worth 20 pence per lb. ? 

Ans, 5 lbs. at I6d., 5 at 17 d., 5 at 18^., and 25 at 22d. 

5. Drugs at Sa., 6a., and is., per lb. are to be so compounded as to 

make a mixture of 42 lbs. worth 7 a. per lb. : required the weight 
suitable for this purpose of each of the three ingredients ? 
Am, 30 lbs. at Sa., 6 lbs. at 5^., and 6 lbs. at ia. 
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General Remarks on the Foregoing Prohlems. 

In the foregoing problems and examples, we liave compre- 
hended all the varieties of cases which we believe can occur 
in the actual practice of dealers in compounds. The rules 
given for determining the proper proportions in which the 
several distinct ingredients should be mixed together con- 
duct us sometimes to only one set, and sometimes to two or 
more sets of answers ; the number of sets furnished by 
these rules being always limited. But whenever more than 
two ingredients, each at a given price, are to be so com- 
pounded as to produce a mixture at a proposed intermediate 
price per unit, whether gallon, lb., &c., the sets of possible 
proportions are really innumerable; and, by means of 
algebraic formulse, we can assign as many of them as we 
please. We mention this lest the reader should infer, from 
the language used in the preceding questions, that the 
answers recorded are the only answers that can be given. 
We may easily show, without the aid of Algebra, that the 
answers to some of these questions are innumerable ; an 
instance has indeed been already given in the Note at 
p. 113: — Take as another instance the worked example 
at p. 115, in which 144 lbs. at M, per lb. is to be made up 
by mixing together four several ingredients at 12<?., lOrf., 
6^., and 4<?. per lb., respectively. Each of the foxir equal 
parts of 144 is 36 ; and if we write against the highest and 
the lowest of the given prices any (the same) number less 
than the number 36, and then against each of the inter- 
mediate prices a number as much greater than 36, the four 
numbers will also express weights of the several component 
ingredients against the prices of which they are written, 
suitable for the proposed compound. Thus, writing 30 
against the \2d. and also against the 4(f., the intermediate 
numbers will each be 42 ; and we shall have 

30 at 12 = 360 ; or writing 24 at 12 = 288 
42 „ 10 = 420 „ 48 „ 10=480 

42 „ 6 = 252 „ 48 „ 6 = 288 

30 „ 4 = 120 „ 24 „ 4= 96 

144) 1162 (M, 144) 1162 (8«?. 

And the result would have been the same if any other 
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number below 36 bad been chosen, wbetber whole or frac- 
tional ; and if this chosen number had been written against 
the two intermediate prices, instead of against the two 
extreme prices, the result would have been still the same. 

Again : the answer to every such example may be veri- 
fied in a manner different from that which we have adopted 
(pp. 109 to 113). In arranging the prices of the several 
component ingredients in column, we have recommended a 
small space to be interposed between those of these prices 
which exceed the proposed mean price, or worth of the 
compound, and those of them which f aU short of this mean 
price. If the dealer estimate his gain on the component 
articles on the one side of this interval, and his loss on 
those on the other side, by selling all of them at the stated 
intermediate price, the gain and loss must be equal, if the 
operation be correct; ttiat is, the loss on one side must 
just balance the gain on the other. Thus taking the ex- 
ample here adduced : the loss on the sale of the 48 at 8^^. 
is 48 times 4(^., that is, 16«. ; and the loss on the sale of the 
24 at Sd, is 4«. ; the entire loss being £1. But the gain on 
the sale of the next 24 at Sd, is 4^. ; and the gain on tib.e sale 
of the following 48 at Sd. is 16». ; the whole gain being £1, 
which balances the loss : and similarly in all other like cases. 

The reader may turn to the examples, at the pages 
referred to above, and verify the results in this way fie 
ought here, however, to be reminded that any verification 
of the results of an arithmetical operation which has been 
accurately worked out in accordance with a prescribed Eule 
is quite superfluous whenever that Eule is previously demon- 
strated to be true, generally ; that is, in every individual 
case. The Eules in the foregoing article have not been 
proved to be thus universally true : we have thought it 
better to give such proof in a supplementary Note, as it is 
necessary, for the purpose, to use the symbols of Algebra ; 
although, as only the very first principles of that science 
are brought into operation, we think that no reader of or- 
dinary intelligence will feel any difficulty in following out 
the reasoning. 

Suppose two different ingredients, of given prices per lb. 
or per gallon, &c., are to Be compounded in such propor- 
tions that the mixture may fairly bear an assigned inter- 



118 COMPENDIOUS CALCULATIONS. 

mediate price per lb., per gallon, &c. Let us represent each 
of these three distinct prices by a letter : — ^the respective 
prices (per lb., &c.) of the two ingredients by A and C, and 
the intermediate price, — ^the price of the mixture, by B : 
these three letters will then represent given values, or 
numbers. Further : let the unknown nimiber of lbs., or 
gallons, &c., of the commodity at price A, be represented 
by X : and the unknown number at price C, by y : then, 
obviously the condition to be satisfied is that A times x + 
C times y shall be equal to B times a? + B times y ; that is, 
there must be the equality (or equation, as it is called) 

Aa: + Cy = B:p + By 

and therefore, the equality (A — B) a? = (B — 0) y. And 
to bring this equality about, it is plain that it is enough 
that the known quantity B -— C should replace the hitherto 
unknown quantity a?, and that the known quantity A — B 
should replace the hitherto unknown quantity y ; for then 
we should have 

(A - B) (B - C) = (B - C) (A - B) 

in which we see that the desired equality is brought about, it 
being universally true that A -— B multiplied by B — must 
be equal to B — C multiplied by A — B ; and this is just 
what the above form declares. 

Hence, arranging as in the margin, the Eule 3 A—, x 
for two ingredients is proved to be true gene- ^ tf 

rally ; the values of x and y being — 

X = the difference between B and 0, and y = the difference 
between A and B. Now from this proof of the Rule, under 
Prob. 2, for two ingredients, the truth of it for any number 
of ingredients immediately follows; for the several quantities 
are fdways linked together in pairs ; and, as here shown, the 
required condition is always fulfilled for each pair ; and there- 
fore, it is necessarily fulfilled for the sum of aU the pairs. 

In Problem 3, the quantity, as well as gai, d. 



the price per lb., per gallon, &c., is also ilZT' ^ ** *^ 
fixed or assigned : thus, in Ex. 2 (p. 1 12), 64 I 
it is stipulated that there be just ** three 2S_ 

gallons at 4«. per gallon" in the mixture. '^ 

Were it not for this limitation, the work 30 

would hs^y^ been as here annexed ; and — 



2„ 60 

4 „ 66 
16 „ 72 
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there would then have been, as we here see, 30 gallons in 
the mixture which would, just as correctly, have borne 
the contemplated price, namely, 58, 4d, per gallon. But, 
instead of 8 gallons at 4«., it is stipulated that there should 
be only 3 ; that is, only iths of this quantity : consequently, 
there must be only fths of each of the other quantities here 
determined in the margin, in order that the due proportions 
may be preserved : and similarly in all such cases. And 
hence the truth of the Bule. 

The reader who satisfies himself in this way of the truth 
of the two Eules under Problems 2 and 3, cannot have any 
doubts about the Bules under Problems 4 and 5. 

Calculatioks useful to Goldsmiths, Silvebsmiths, and 

Chemists. 

[The calculations in the following article are all to be 
performed by Troy weight.] 

Peoblem 1. 

The price of a grain being given, to find the price of an ounce ; 
and, conversely y the price of an ounce being given, to find 
the price of a grain, 

Bule. — ^The price per grain, in halfpence, will be the 
price per oimce in pounds (£). And the price, per ounce, in 
pounds (£), will be the price of a grain in halfpence. 

For since there are 24 x 20 grains, that is, 480 grains in 
an oimce, the price of an ounce, at a halfpenny a grain, is 
480 halfpence, or 240 pence ; that is £1 ; so that there must 
be as many pounds (£) in the price of an ounce, as there are 
halfpence in the price of a grain. And conversely, there 
must be as many halfpence in the price of a grain, as there 
are poimds (£) in the price of an ounce. 

Examples. 

1. What is the value of an ounce of gold, at the rate of 2d. per grain F 

Ana, £4. 

2. What is the value of an ounce of gold, at the rate of If^. per grain ? 

Ans, £3 -|- £i = £3 10«. 

3. The Mint price of gold is £3 17«. lOJrf. per ounce ; what is that 

per grain P 
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The shillings and pence here are to be expressed in parts of a pound, 
and decimal parts are the most convenient. A Table of such decimal 
parts is given towards the end of the book. By referring to this Table, 
we find that lis, lO^d., expressed in decimals of £1, is £'89375; 
hence, £3 17». 10 J<?. =£3-89376. Therefore the value of a grain 
of Mint gold is 3*89375 halfpence. Converting the decimal pstrt of 
this value into farthings, by multiplying it by 2, the valuQ of the grain 
is 3 halfpence farthing plus the decimal *7875 of a farthing, which 
is Troths, very nearly ; and this again is nearly Aths or f ths of a 
farthing : the answer is therefore If <f. -{- if. nearly. 



Peoblem 2. 

The price of a pennyweight leing given, to find the price of a 

pound. 

E.ULE.— ^As many pence as there are in the price of 1 dwt. 
(or one-fonrth as many farthings), so many pounds (£) will 
there be in the price of 1 lb. troy. 

For there are 240 dwts. in 1 lb. troy, and as many pence 
in £1, so that each penny in the price of 1 dwt. amounts to 
£1 in the price of 1 lb. 

Examples. 

1. At ^d. per dwt., what will 80 lbs. cost? 80 X 4 = £320, Ans. 

2. At 2\d. per dwt., what will 14 lbs. cost ? 

14X2i=£3U = £31 lOa., Ana. 

3. At l\d. per dwt., what will 9 lbs. cost ? £1 lo«. X 9 = £15 16«. Am, 

4. At \d. per dwt., what will a lb. cost ? Ans. 58. 

5. If 1 dwt. of silver cost Z^d., what will 1 lb, cost ? 

Ana. £3J = £3 55. 

Peoblem 3. 

The price of an ounce being given, to find the price of a pound. 

EuLE. — As many pence as there are in the price of 1 oz., 
so many shillings will there be in the price of 1 lb. troy. 
For there are 12 oz. in 1 lb. troy, and as many pence in 1*. 

Examples. 

1. At 4j<f. per oz., what is the price of 7 lbs ? 

4J X 7= 31J*. =£1 ll5. ed.y Ana. 

2. At 2|df. per oz., what is the price of 11 lbs. ? 

2s. 9^. X 11 = £1 10». 3rf., Ana. 
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3. If an ounce of gold cost £3 17«. 10^., what is the price of 1 lb. f 
£3 17«. lO^e^. = 9SHd. ; and 934}«. = £46 lis, 6d, Ana. 

Expressed as the fraction of a pound {£), lis. 6d. Ib £-^ =. £H ; 

hence, I lb. of Mint gold is coined into 46}f sovereigns ; or rather 
(multiplying by 40), 40 lbs. of gold is coined into 1869 sovereigns, as 
already observed at p. 14. 

Probleh 4. 

The price of an ounce heing given, to find the price of any number 
of pounds, ounces, pennyweights, and grains, 

EuLE — I. Eeduce the pounds to ounces, taking in the 
ounces given. Consider every ounce as £1, every penny- 
weight as Is., and every grain as one halfpenny. 

2. Then, whatever part the price per oz. is of £1, that 
same part of the sum thus obtained Tvill be the answer. 

Examples. 
1. At 5a. 6d. per oz., what is the value of 10 lbs. 6 dwts. 14 grs. ? 
lbs. dwts. grs. oz. dwts. grs 
10 6 14 = 120 6 14. Hence, by the Rule : 

£ 8. d. 

g^ i of a £ "i 4)120 6 7 = value at £1 per oz. 

ei = ife of 6*. j 1^30 1 



3 



lis 



Ans. £33 Is. 9|g<f. 



The reason of the above Hule is this : £1 per ounce troy is one half- 
penny per grain ; for 24 grains X 20 = number of grains in 1 lb. ; and 
24 ham>ence X 20 = number of halfpence in £1 ; so.that by reckoning 
the grains as so many halfpence, or half the number as so many pence, 
the dwts. (24 grains) as so many shillings, and the ounces (20 dwts.) 
as so many £'s, we express correctly the value of the given weight, at 
the rate of £1 per oz. If therefore the rate per ounce be only a fractional 
part of £1, the value of the weight can be only the same fractional part 
of tiie value it would have if the rate were a whole £ per ounce. 
2. What is the price of apiece of plate, weighing 3 lbs. 7 oz. 14 dwts. 
12 grs., at the rate of 7s. 6d. per oz. ? 
lbs. oz. dwts. grs. oz. dwts. grs. 

3 7 14 12 = 43 14 12. Hence, by the Rule : 

£ s. d. 
- 1 f £1 \ 4) 43 14 6 = value at £1 per oz. 

2«. 6d. == J of 68. ) 2) 10 18 7A 

5 9 31 



£16 7 s. l\] d. == value at 7 s. 6d. per oz. 
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3. Hequired the price of 4 lbs. 5 oz. 9 dwts. 10 gn. of plate, at 6«. 8i. 

per oz. ? Am. £17 16«. 6irf. +f /. 

4. A chased gold vase weighs 1 lb. 3 oz. 4 dwts. 18 grs, ; required its 

Talue at £5 lis. 6d, per oz. ? ^;m. £89 10«. Aid, 

In this example, 5 times the yalue, at £1 per oz., is to be 
added to the value at 17«. 6d. per oz. This latter value is 
most readily computed by subtracting from the value at 
£1, its ith part; because 17«. 6d, differs from £1, by the 
-Jth part of £1. 

Calculations for Articles sold by Avoirdupois Weight. 

The following Table for readily ascertaining the price of 
a hundredweight, from knowing the price of a pound, will 
often be found useful. It will serve too for the ton as well 
as for the cwt. (see p. 129). 

Table. 

For tlie price of \ cwt,, at from ^d, to 8s. 6d,perlh., avoirdupoU, 
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Pbobleh 1. 

The price of a dram heing given, to find the coBt of any number 

of pounds. 

Ruus — 1. Multiply the number of farthingps in tlie given 
price of tlie dram by 16, and the product by the number 
of lbs. 

2. Double the last, or imit's figure of the result for 
Bhillings, the remaining figures denoting pounds; and 
divide the sum, thus expressed, by 6 for the answer. 

Examples. 

1. What will 8 lbs. cost, at the rate of Z\d, a dram ? 

Here the price of a dram is 13 farthings ; hence by the Rule, 
13 X 16 X 8 = 1664 ; and doubling the 4 for shillings, we have 
£166 8«. -f- 6 = £27 14«. 8rf. Ans, 

This short and convenient Rule rests mainly on the follow- 
ing principle, namely : If any number of pounds (£) be 
divided by a number terminating in 0, the quotient wiU be 
the same as if we replace the final figure in the dividend by 
double that number of shillings, and then suppress the in 
the divisor ; as for instance — 

£734 _ £73 8g. £734 _ £73 8g. £2587 __ £258 Us. 
30 — 3 ' 70 — 7 ' 60 — 6 ' 

and so on ; for the second form of expression, in every such 
case, is restored to the first form by multiplying numerator 
and denominator by 10. The final figure in the dividend, 
which is so many pounds, being regarded as shillings, and 
doubled, and then multiplied by 10, is thus taken 20 times ; 
so that the shillings are reconverted into the pounds which 
they replaced. 

This being understood, and knowing that the price of a 
lb., in farthings, is 16 x 16 X price of a dram in farthings, 
we must divide this product by 4 X 12 x 20 to bring the 
price of 1 lb. into pounds (£). But 

Pri ce of dr. X 16 X 16 Price of dr. X 16 * 
4X12X20 — 60 



* This more simple form of the fraction is not the result of perf oim- 
ing the multiplications indicated in the first form, and then reducing 

G 2 
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This expresses the number of pounds (£) in the price of a 
Ib.y the factor '^ Price of dr./' standing for the number of 
farthings in the price of a dr£un. The unabbreviated Bule 
would therefore be to multiply this number of farthings by 
1 6, and to divide the product by 60, in order to get the price, 
in pounds (£), of a single lb. ; but by the foregoing principle, 
the Bule becomes abridged to that given above. 

2. At 4^. the dram, what will 68 lbs. cost P Ans. £326 Ss. 

3. At id. the dram, what will 1 lb. cost ? Arts. 68, 4<f. 

4. Kequired the cost of 7 lbs., at Z^d, per dram ? Ans, £28. 

NoTB. — ^It is worth while to observe here, that all examples coming 
under the present problem, may also be readily worked by help of the 
fact, that at ^d, the dram, the cost of 1 lb. is 58. Ad, Thus taking Ex. 1, 
the cost of 1 lb., at 13 farthings per dram, is 5«. 4<f.X13=:£3 9«. Ad. : 
and therefore the cost of 8 lbs. is £27 14«. M, 

PbOBLBM 2. (CONVEESB OF PrOB. 1.) 

The price of 1 Ih. being given, to find the price of a dram. 

Bule. — Divide the number of pence in the price of 1 lb. 
by 64 ; the quotient will be the number of farthings in the 
price of a dram. The reason is obvious from the Note 
above, seeing that 5«. Ad. is 64 pence. 

Examples. 

1. If 1 lb. cost £3 9«. Ad.y what will a dram cost ? 

69«. Ad. = 832rf. ; and 832 -J- 64 = 13/. = ZU. 

2. What is the price of a dram when 1 lb. costs £4 P Ans. zyi. 

3. If 1 lb. cost £2 15<. 8^., what wUl a dram cost P Am. 2^., A/. 

Pbobleh 3. 

The price of an ounce being given, to find the price ofllh, 

Bttle. — ^Begard the given price, in farthings, as so many 
shillings, and divide these shillings by 3. 

the fraction to one of lower terms. This kind of work is altogether 
dispensed with, and the simplified form written down at once, by mez^ly 
eliminating the factors common to numerator and denominator in tiie 
first form. We know that 16 in the numerator is 4 X 4, and that 
4 X 12 in the denominator is 4 X 4 X 3 (the 12 being 4X 3) ; dis- 
nnmnng then these 4's, there remain but 16 in the numeratoor, and 
3 X 20 or 60 ID, the denominator. 
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For taking the farthings for shilling, is the same as 
multiplying by 48, or by 16 and 3 : dividing then the pro- 
duct by 3, we get the price of an ounce, miutiplied by 16 ; 
that is, the price of 16 oz., or 1 lb. avoirdupois. 

Examples. 

1. What will 1 lb. avoirdupois come to, at 7 id. per oz. ? 

7 id. = 30 farthings ; therefore the price of 1 lb. is 30«. -f-3 = lOs. 

2. What will 1 lb. cost, at 10|(f. per oz. ? Arts. 14tf. id. 

3. What will 7 lb. come to, at 2J<?. per oz. ? Ans. £1 U. Od. 

4. What will 13 lb. come to, at Z^d. per oz. ? Ans. £3 bs. Od. 

Problem 4. (Converse of Prob. 3.) 
The price of I lb. being given, to find the price per ounce, 

Eule. — ^Eegard the given price, in shillings, as so many 
farthings, and multiply these farthings by 3. 

The truth of this Kule is plain from that of the former 
Eule. 

Examples. 

1. At 6*. per lb., what will an ounce cost ? 6/. X 3=: 18/.=z4jef. Ans.- 

2. At 9«. per lb., the price of 1 oz. is Q\d. Ans. 

3. At As. 9d. per lb., the price of 1 oz. is S^d. -{• \f. Ans. 

For 4«. M. = 4}«. ; and this number of farthings, multiplied by 3, 
gives for product 12}/. = 14J/. = Z\d. + J/. 

Problem 5. 

The price of 1 o%. being given, to find the price of 1 stone, of 

1 qr., and of 1 cwt. 

Eule I. — ^Find the price of 1 lb., by Prob. 3, and thence 
the price of 14 lb. (or a stone). Multiply this by 2, for the 
price of a quarter, and by 8, for the price of a cwt. The 
reason is obvious. 

Eule II. — ^Multiply the pence per oz. by the number of 
cwts. ; and whatever part of £1 the product is, take that 
part of £1792 : the result will be the price of 1 cwt. in £ a. d. 

The number 1792 is the product of 112 by 16 ; so that 
£1792 is the value of 1 cwt., at £1 per oz. ; and therefore, 
whatever fraction of £1 the price of 1 oz. may be, the same 
fraction of £1792 must be the price of 1 cwt. ; or whatever 
fraction of £1 the price of any number of ounces may be, 
the same fraction of £1 792 must be the price of as many cwts. 
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correct to the nearest farthing. And so in other cases ; and 
if the price per quarter, or per stone, were given, we should 
enter the Tahle with 4 times, or 8 times tms price, against 
which would be found the price per lb. to the nearest 
farthing, if not exactly. 

Problem 6. 
The 'price of\ lb, heing givertf to find the price of a ton, 

BuLE I. — ^Find the price of 1 cwt. by Eule HE., p. 126 ; 
regard the shillings in this price as so many pounds, and 
the pence as fractional parts ; and the answer in pounds will 
be expressed. Or — 

EuLB II. — Multiply the number of farthings in the price 
of the lb. by 7, and divide tiie product by 3, for the answer 
in pounds. 

The truth of the first of these two Eules will be seen by 
considering that by taking the shillings in the price of 
1 cwt. as so many pounds, we must get me price of 20 cwt. 
And the truth of the second Eule f oUows from the fact that 
by replacing the price in farthings by so many pounds, we 
virtually multiply that price by 4 X 12 X 20 ; therefore 
multiplying the number of farthings (taken as pounds) by 
7, and then dividing by 3, the price per lb. is multiplied by 
4xl2x20x7-r-3 = 4x4X20x7 = 28X4x20; 
and 28 lbs. = 1 qr., 4 qrs. = 1 cwt., and 20 cwt. = 1 ton. 

"We thus see that by the contrivance of multiplying by 7 
and dividing by 3, the price per lb. is virtually multiplied 
by 28, 4, and 20 ; thus giving for product the price of 
a ton. 

Examples. 

1. If 1 lb. cost 7^.| what will a ton cost P 

By Eule I. 

9a. 4<f. X 7 = 65s. 4rf. = price of 1 cwt. 
£65J = £65 6a. 8<?. = price of 1 ton. 

By Rule II. 
£28 X 7 -T- 3 = £196 -f- 3 = £66 6«. U. Ana, 

2. If 1 lb. cost \^d,, what will a ton cost P 

SyJRuLBlI. £7X7-r3 = £49^3z=£16 6a. %d. Am, 
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3. If 1 lb. C08t lOd.f what wiU a ion cost ? 

By RxTLB I. 

9«. 4<f. X 10 = 93«. id. 
£9^ =: £93 6s. Bd. Ans. 

By EuLE n. 
£40 X 7 -f- 3 = £280 -r 3 = £93 6«. 8<j^ ^dt/i*. 

As by Bule U. the divisor is 3, the fraction of £1, which 
gives the shillings and pence, must always be either £i; or 
£f ; that is, either 6«. %d, or 13«. Ad. 

4. If lljb. cost i^.f what will a ton cost ? 

By EuLB n., £19 X 7 -r 3 = £133 -i- 3 = £44 6«. %d. Ana. 

5. If 1 lb. cost 2M., what wfll a ton cost P Ans. £25 IZs. Ad. 

6. If 1 lb. cost 4^., what is a ton worth ? Ans. £39 13«. Ad. 

NoTB. — ^The Table at page 122, for finding, by inspection, the price 
of 1 cwt., from that of 1 lb. being given, may be advantageously 
CTiployed for also finding the price of a ton ; for a ton being 20 cwt., 
we have only to regard every shilling, in the price there, of 1 cwt., as 
£1, and eyery Ad. as 6«. 8<f. Thus, taUng Example 4, aboYOi and 
referring to the Table, we find against 4|^., 44«. 4^., which, for a ton, 
we should read as £44 %s. Sd. Again, taJong Ex« 5, the Table gives 
25«. .8^., to be read as £25 13^. Ad. ; and similarly in other cases. 

Problem 7. (Converse of Prob. 6.) 

The price of a tan being given, to find the price of 1 lb. 

Ettle. — Multiply the price of the ton, expressed in £'s 
and fractions of a £, by 3, and then divide by 7 : the 
quotient will be the number of farthings in the price of 1 lb. 

Examples. 

1. If a ton of iron cost £16 6«. Sd., what is the price per lb. ? 

£16 6*. Sd. = £16J, and 16J X 34-7 = 49-r 7= 7 farthings. 

2. If a ton cost £39 I3s. Ad., what is the price per lb P 

£39 Us. 4rf. = £39|,and 39|X 3-r7=119-r7=l7/. = 4irf. 

3. If a ton cost £84, what will 1 lb. cost P 

84-7-7=12, andl2X3 = 36/. = 9<f. 

4. If a ton C09t £36 lOs., what wUl 1 lb. cost P 

£36 10«. = £36i,and£36jX 3-r7= 109J-r7=16A farthings; 
that is, 3|<f. and the i^th of a farthing. 

It will be observed that in each of the examples which 

o 3 
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jEoen^ "ass josL ^Di ca^^sL ^ESE s skL ^ktt vlifin. it is 

TtfTntrf^iri^tf jn- 1^ '^k* 3r*l*&ll2C 5f SX. .I'llTlF^I *1 lUIIIl.l>eT of 

Humftfe . — -vii:]iiiii& mEEmci^ ir ^ense. X& dds exsmple the 

:&c ssF. '^if i Biy#'g "3g '^ai* iTHwoni^^rgi always be a certain 
Tor^qr ^ 5Efa=i2SJ3iifai» faefiaoL i:tf a indiiiig besides^ 
I 3. iliifcs&j p ? 'siui ace be fiuwftiMrf . ai iss exact Talue in 
■^^Jtcrifg 'Kxx : a ag g eq-jfflocalTr. ix OBior diat die seller of a 
fCTgtP- 3. nusj ace szbcbEx. iasii. tike fracdmL must be 
TsfiKCscL aari xr a cfiruVfia l ^"^-^^'g added. In the case 
bflbe? isw j?gg ^32. a «Gsiz!». ir 14 lbs.. coaM not be sold at 
ics eaaetr n-big^: bn saee I* -^ ^ 14 = 219, the exact 
fnee cf a fCoiLf wi^iiji b^ 2It^ {nddngs. or 4«. 6^. And 
ev^gt ^JEOn^ 4 CTTim ^ib* peace of die ton be an integral 
mnEih^ cf £'& TiiC a fnecsai of a indiin^ most farm part 
of dK ciaec pisr^ •:^ I Ib^ if d» jradnct br the 3 be not 
exacdr dmKb^ bx 7. 
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In order to psore die tzvdi of die fo rgo in g lEtole, we 
need onbr obse^e dsar die pnee of die ton being expr^sed 
in £'Sy if we mnh^ih- dte pnce by 20 x 12 x 4, we shall 
get the pnce in fardtrngs: and irook this, to get the price 
ai a lb., we mnsfi diride it by 20 x 112 ; or, which is the 
same things we must diride 12 X 4 times the price in £'s 
bj 112. the eommon factor 20 being suppressed in both 
mnhiplier and dirisor. ^See foot-note. p. 123.) But 

13X4 _ 3X16 _?. 
112 7X16 7' 

die factor 16 in both nnmerator and denominator being 
suppressed ; so that we hare only to mnhiply the price of 
the ton, in £% by 3, and then divide by 7 ; which is the 
Bule. 

Problem 8. 

The price of 1 ewt. being given, U find ike price of any ntfrnfer 

of tons. 

'BmA. — Multiply the number of pence in the price of the 
ewt^ by ihe number of tons, and diride the product by 12 : 
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the quotient will be the number of £'8 in the price of the 
tons. [Or 20 times the price of 1 cwt. is the price of a ton.] 
For by multiplying the g^ven price, in pence, by 20, we 
get the price, in pence, of a ton ; and by divi(fing this 
number of pence by 12 and 20, we set the number of 
pounds in ihe price of a ton, and taence the price, in 
pounds, of any number of tons. But 20 being here both a 
multiplier and a divisor may be expunged, and hence the 
Bule. 

Examples. 

1. 6 tons, at 2d, per cwt. = 2X6-f-12 = l: therefore £1 is the price 

of tiie 6 tons. Or 2d. per cwt. is 40d. or Ss. id. per ton ; there- 
fore the price of 6 tons is £1. 

2. 8 tons, at 3d. per cwt. =3X8-f-12 = 2; therefore the price is £2 . 

3. 24 tons, at 7Jrf. per cwt. =:7J X 24-r 12 = £16 

4. 36 tons, at 13j<f. per cwt., is ISJ X 36 -7- 12 = £40^ = £40 10*. 

5. Keqnired the price of 60 tons, at 19^. per cwt. ? Ans. £97 10*. 

Note. — ^If either of the two numbers to be multiplied together be 
divisible by 12, the division should be executed before the multiplica- 
tion : t^us, in Examples 3, 4, and 5, the use of the pen is scarcely- 
necessary, seeing that 24, 36, and 60, by division by 12, give the small 
multipliers 2, 3, and 5 ; and that twice 7}^ 3 times 13|, and 5 times 
^^h &^^ products which no pen-work is needed to determine. 

Problem 9. (Conyerse of Prob. 8.) 

The price of a ton heing given, to find the price of 1 cwt. 

Bule. — Express the price of the ton in pounds (£) and 
fractions of a £ ; then the price of a cwt. will be that 
number of shillings. This is obvious, because the price of 
1 cwt. must be the twentieth part of the price of a ton, and 
the twentieth part of any number of pounds is that same 
number of shillings. 

Examples. 

1. If a ton cost 35. 4j?., what will 1 cwt. cost P 

3#. 4rf. = £4 ; and 4*. = 2d. Ans. 

2. If a ton cost 14«. 2d., what will 1 cwt. cost ? 

"What fraction of one pound 14«. 2d. is, is not readily seen: we know 
however that 6«. %d. = £4 ; and that 6». 8<f. + 7*. 6<f. = 14«. 
2d. ; also that 7«. 6<f. = £1. Consequently, 14*. 2d. = £ J + 
£| : hence the price of 1 cwt. is 4«. + 1*. = id, + i\d, z= 8J^. 

AM8* 
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2. I£mionfX)fltl2cS#^^viiitvinic«t.eoai? 

12iL 8iL = 10k. + 2«. 6iL -}- 2/. =r £i + £} + 2dL, therefore, 
U+J*.+A^, = 6iL + lJrfLH-Aif.==7K+f faithing. Ans. 

We hen dhide tiie odd iwopenoe lij 2(l,becm8e the 20th part of the 
castzre mm, in fhe poaoe of 30 cvl., miut be taken to get the price of 
1 nrt. Aad iiiTTnitalitfm of Ihii Milliner of conpntnig most erery case 
be treated in miikii OTciplxB pence lenxam after the fractioos of £1 are 
anhdnotod from iubt giren prioe of the ton. 

4. If a ten cost Ita, ^^ what will 1 cvt. ooet? Ant. 7}<f. 

i. If a ton oort £1 12«. 6«f^ what win 1 cwt. coat ? ^fiu. 1». 7^ 

6. If atGnoort£12ic6^.,whatwi]llcwi.co6t? ^fiu. 1». 1|<;. 

7. Ifataioo8tl7t.lOir.,whal]itheprioeaflcwt? jiM^lO^d.+if. 



Pboblex 10. 
Tke prtee ff 1 nrf . ^iif yrrf», f^ talndaU the eo9t of any 

BuLE. — Write down first as many pounds {£) as there 
are cwts. ; then, for eTer3rq[iiaiter, pnt 5«., and for every lb., 
write 2yi. We shall thns have the Talne of the proposed 
weight at £1 per cwt. Take parts for the shillings and 
pence, in the given price per cwt., and the answer will be 
obtained. [If the price per cwt. be less than £1, see Bule 
p. 90.] 

For at £1 per cwt, the value of 1 qr. is the fourth part 
of £1, that is, os. ; and the value of 1 lb. is the 28th part 
of thw, namely 60rf. -f- 28 = 2id, ; so that whatever frac- 
tional parts of £1 the actual price of the cwt. may be or 
may include, the same parts of these several amounts must 
be taken to obtain the correct answer to the question. 

Eyavpt.es. 
1. What 18 the price of 13 cwts. 2 qrs. 14 lbs., at £1 6«. Sd, per cwt ? 

£ ». d. 

The weight ia 13 cwts. 2^ qrs., and the price at £1 is 13 12 6 

and at 6<. 8<f., or £^ it is ••.. 4 10 10 



Hence the whole price is £18 3 44, Am. 
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2. What will 19 cwts. 3 qis. 19 lbs. cost, at £i lbs, 6d, per cwt. ? 

£ $, d, 

19 15 

3 ^ = 2H X 19 



is. Od. = £i 
is, Od. = £ J 
6*. Od, = £i 
2«. W. = £i = J of £} 



19 18 4f = Price at £1 
4 



lbs,6d, 79 13 6f = Price at £4' 
3 19 81 =ith price at £1 

3 19 8| =: ditto 

4 19 7i^ =1 ith „ 
2 9 9H = }th „ 

Ans, £9,1 28. Z^id. = £96 2s. id. nearlt/. 

There are, of course, various ways of cutting up the 
Bhillings and pence into fractions of £1 : the computer 
must be left to his own judgment and sagacify as to the 
choice of the most convenient subdivision. The subdivision 
here might have been 10». + 58. + 6d. = Ids. 6d. 

3. What is the price of 27 cwt. 2 qrs., at £2 14a. 6d. per cwt.? 

Ans. £74 ISs. 9d. 

4. What is the price of 42 cwt. 1 qr. 20 lbs., at £1 13a. id. per cwt.? 

Ans. £70 14a. 3K 
6. What will 85 cwt. 1 qr. 10 lbs. come to, at £2 17a. Od. per cwt. ? 
Ans. £245 7a. O^d. 

It is scarcely necessary to say that the fractions of a 
penny, retained in these answers, would be disregarded in 
actual practice : they are given here, as in several other of 
the results in this book, chiefly that the reader may put to 
the test his ability to compute with fractions. 
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Problem 1. 
The price of a per oh being given, to find the price of an acre. 

ExjLB. — ^Begard the price of the perch, in pence, as so 
many pounds, and from that number of pounds subtract a 
third part ; the remainder wiU be the price of an acre. 

For, by regarding the price, in pence, as so many pounds, 
we, in effect, multiply that price by 20 and by 12 ; that is, by 
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20 X 12 or 240. Now the number of perches in an acre 
is 40 X 4 (Table, p. 23), so that if the price of a perch be 
multiplied by 40 X 4 (that is, by 160), the result will be 
the price of an acre. But two-thirds of 20 X 12 are 40 X 
4 (twice the 20 multiplied by a third of the 12) ; conse- 
quently two-thirds of me price, in pence, of a perch, regard- 
ing those pence as so many pounds, must be the price of an 
acre, and two-thirds of anything is the whole minus one- 
third ; hence the Eule. 

Examples. 

1. What is the price of an acre, at the rate of 15f rf. per perch ? 
£16 158. -f- 3 = £5 55., therefore the price is £10 10«. per acre. 

2. What is the price of an acre, at the rate of 2». 7J«?. per perch ? 
£31 10*. -r 3 = £10 10*., therefore the price is £21. Atis. 

3. What is the price of an acre, at 1^. 8^^. per perch ? Ans. £13 lOs. 

4. What is the price of an acre, at 3a. lOfef. per perch ? 

Ans. £31 3a. id. 

Problem 2. 
The price of a perch heing given, to find the price of a rood. 

EuLE. — One-sixth as many pounds as the perch costs 
pence will be the price of a rood. 

For we haye seen (last Prob.) that frds of .this number 
of pounds is the price of an acre ; so that, dividing the irds 
by 4, we must get the price of a rood. But f -f- 4 = tVj 
and A = i ; hence the Eule. 



Examples. 

1 . If a perch cost 6<f., what will a rood cost ? £6 -f- 6 = £1, Am. 

2. If a perch cost 2«. I^d.y what will a rood cost ? 

£31 10a. -f- 6 = £6 Os., Am. 

Note. — ^This problem may obviously be made to supersede the former 
one, for we have only to multiply the price of a rood by 4 to get the 
price of an acre ; thus, 4 times the sum which is the answer to this last 
question is tiie answer to question 2 of last problem. 

d. What is the price of a rood, if a perch cost 15}{f. F Ana. £2 12a. U» 
4. What 18 the price of a rood, if a perch cost la. S^d, ? Am* £3 7a. ^» 
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PbOBLEM 3. (CONVEESE OF PbOBS. 1 AND 2.) 

The price of an acre, or of a rood, heing given, to find the price 

of a perch. 

Bxtle. — For the acre. To the price of the acre, in pounds, 
add its half ; the result will be the number of pence in the 
price of a perch. 

For the rood. Six times the number of pounds in the 
price of a rood will be the number of pence in the price of 
a perch. 

Examples. 

1. At £10 10«. per acre, what is the price of a perch P 

£10 lOs, X £5 59.=: £15 15^. ; therefore, 15|(f. := price of a perch. 

It has already been shown (Prob. 1) that two-thirds of 
the number of pence in the price of a perch are the num- 
ber of pounds in the price of an acre ; consequently the 
whole number of pence in the price of a perch must be 
equal to the nimiber of pounds in the price of an acre, and 
half that number of pounds besides ; because the whole of 
anything is f rds of it and half as much more, and hence 
the truth of the Eule. 

2. If a rood of land cost £2 12s. 6^., what will a perch cost ? 

£2 12«. 6<f. = £2J + £i ; and 6 times this is £15 4- £|. 
Hence, by the Rule, 15|^. is the price of a percn. 

If it had been an acre, instead of a rood, we should have multiplied 
thenumher of pounds in the price by 1} ; but as it is, we ought to 
multiply by 4 times this, since the perch is 4 times as dear as it would 
be if tiie assigned price had been per acre instead of per rood. Hence 
we must multiply by 1 J X 4 = 6, as the Rule directs. 

3. At £13 10«. per acre, what is the price of a perch ? Ans, Is. %\d. 

4. At £31 3«. 4^. per acre, what is the price of a perch P 

Ans, 3«. IQ^d, 

5. If a rood cost £5 bs , what is the price of a perch P Ans, 28. I^d. 

6. If a rood cost £3 7». 6d., what wUl a perch cost P Ans, Is, S^d, 

Problem 4. 

The price of a square yard of land heing given, to find the price 

of an acre, 

Ettle I. — Multiply the number of pence, in the price per 
jard| by 20, and consider the result as so many pounds^ to 



18C COMPENDIOUS CALCULATIONS. 

which add as many times 3«. 4^. as there are pence in the 
given price ; the sum will be the price per acre. 

The price of an acre may, of course, be found by mul- 
tiplying the price of a square yard by the number 4840, 
because there are 4840 square yards in an acre ; or, which 
is the same thing, by multiplying 4840 pence by the 
number of pence in the price of a square yard. Now by 
regarding these pence as so many pounds, we virtually 
multiply them by 240 ; and by again multiplying by 20, 
we multiply, on the whole, by 4800, which is 40 short of 
the number 4840 ; hence, to the product thus obtained, we 
must add 40 times the number of pence in the price of the 
yard in order to get the full price of an acre ; or, which is 
the same thing, we must add 40 pence multiplied by the 
number of pence in the price of the yard. But 40 pence is 
3«. 4d. ; and hence the Eule. 

Examples. 

1. If a square yard be worth 2d.j what is the value of an acre P 

£2 X 20 = £40 ; which, with twice 3a. 4rf., gives £40 6«. Sd, Am. 

2. If a square yard be worth 3j<f., what is an acre worth P 

£3J X 20 = £65 ; and 3J times 3*. id. is 10«. lOd. : therefore 
£65 lO*. 10^. is the value of an acre. 

Note. — It is easy to see that the Rule may be varied a little in its 
expression. It may be as follows : £20 Zs. id. being iSiOd,^ and 
£6 08. lOd. = 4840/. 

Rule II. — Multiply £20 Ss. id., by the number of pence 
in the price of a square yard : the product will be the price 
of an acre. Or, multiply £5 Os. lOd. by the £ ». d. 
number of farthings in the price of the 3 6 
square yard ; since a farthing per sq. yard 20 

is £5 0«. lOd. per acre. Or, lastly : take 7Z 7 "1 
the number of pence in the price of a sq. jq lo 

yd. as so many pounds (£), and multiply 

that number of pounds by 20^. Thus, in £65 10«. lOd, 

Ex. 2, above, the operation by this last 

Eule wiU be that here annexed ; remembering that £3^ = 
£3 59. 

3. If a square yard cost If ef., what will an acre cost P Ans. £35 5«. lOd, 

4. If a square yard cost 2^^., what will an acre cost P Ans. £45 7<* ^ 

5. What is the price of an acre, at the rate of 2j^. per aquare yaid ? 
^fts. £60 8s. id. 



calculations bespeoting land. 187 

Problem 5. (Converse of Pbob. 4.) 

The price of an acre leing given, to find the price of a square 

yard, 

Etjle. — ^Divide tlie price of the acre, expressed in pounds 
and fractions of a pound, by £20^ : the quotient will be the 
number of pence in the price of a square yard. 

For in the preceding operations, in order to get the price 
of an acre from that of a yard, we multiply £20 by the 
number of pence in the price of the yard, and also Ss. Ad, by 
that number of pence ; that is to say, we multiplied £20 
3«. 4td. by the number of pence in the yard, in order to get 
the price per acre. Hence, in the reyerse operation, we must 
divide the price of the acre, in pounds, by £20^, this being 
the equiyalent of £20 3«. Ad, 

Examples. 

1. If an acre of land be worth £65 10«. 10«?., vhat is the worth of a 
square yard ? 

£65 10a. lOef. (see Table, p. 50) = £65J + £^hy or £H^ + £ii. 

Dividing each by 20 J, that is," multiplying by xfi» the 

fractions are g|g+ J- =^572 + 1^1573 ^3^^ 

121^484 484 484 * 

Note. — The converse of a problem is usually more troublesome to 
work than the direct problem itself. It is likely that, in the present 
converse problem, some might find it easier to proceed according to the 
Bole of common arithmetic ; namely, to reduce the £65 10«. 10^. to 
pence, and then to divide by 4840. 

2. If an acre be worth £45 7«. 6^?., what is a square yard worth ? 

Ans, 2\d, 

3. If an acre be worth £50 8a. Ad., what is a square yard worth ? 

Ana. 2\d, 

Problem 6. 
To reduce Irish acres to JSnglish, and English to Irish, 

Rule. — ^Multiply the number of Irish acres by 196, and 
divide by 121 : the result will be the number of English acres. 

Multiply the number of English acres by 121, and divide 
by 196 : the result will be the number of Irish acres. For 
an Irish acre contains 7840 yards, and an English acre 4840 ; 
and these numbers are in the ratio of 196 to 121. 
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Examples. 

1. How many English acres are there in 484 Irish acres ? 

484X196 = 94864; and this-7-121 (or by 11 and 11) gives 
784 ; or more simply, 4 X 196 = 784, the Ans, 

2. How many Irish acres are there in 784 English acres P 

784 X 121 -r 196 = 484 ; or4 X 121 = 484 Irish acres, the-4w5. 

3. How many English acres are there in 134J^ Irish acres ? 

Ans, 2l7i very nearly. 

4. How many Irish acres are there in 273^ English acres ? 

Am. 168j^ very nearly. 

Problem 7. 
To reduce Irish miles to Unglishy and English to Irish, 

The English mile contains 1760 yards, and the Irish mile 
2240 yards, which two numbers are to one another as 1 1 is 
to 14, or as 1 to 1-^-; so that an Irish mile is l-j^ times as 
long as an English mile ; or 1 1 Irish miles make 14 English. 
Hence this 

BuLE. — Increase the number of Irish miles by the i^f part 
of that number : the result will be the number of English 
miles. 

Diminish the number of English mHes by the -h part of 
that number ; the result will be the number of Irish miles. 
Or, which is the same thing, multiply the number of Irish 
miles by 14, and divide the product by 11 ; the quotient will 
be the number of English miles. 

Multiply the number of English miles by 11, and divide 
by 14 (or by 7 and 2) ; the quotient will be the number of 
Irish imles. 

Note. — When the number of English miles is even, we may take half 
that number only, using for divisor 7 instead of 14, as in Ex. 2. 

Examples. 

1. How many English miles are there in 27 Irish miles ? 

27 + ft = 27 + 7t^= 34 A> the number of English miles. 
Or thus ; 27 X 14 = 378 ; and this -j- 11 gives 34-A:. 

2. How many Irish miles are there in 40 EngUsh miles P 

40 ^ ^= 40 — 8t = 31f, the number of Irish miles. 

Or thus (see preceding Note above), 20 X U = 220, which -r 7 
gives 3l| . 

3. How many English miles are there in 76 Irish miles F Am, 95i^. 
4. How many Iiiak miles are there in 96 English miles P Am, 74A* 
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The foregoing calculations, respecting Land, must suffice 
for the present small volume. It would, of course, be out 
of place here to enter upon the general subject of Surveying. 
"We shall now therefore proceed to some useful particulars 
connected with the measurement of Tdiber. 



TiMBEB Trade. 

/. Superficial Meastfre. 

When timber is sold in planks,— or in logs for the 
purpose of being cut into planks, — its price is estimated by 
superficial measurement ; that is, by the number of square 
feet contained under the length and breadth of the piank ; 
the price per square foot differing, of course, for different 
thicknesses of plank. 

Problem 1. 
To find the number of square feet in a hoard or plank, 

BuLE. — Multiply the length by the breadth ; the product 
will be the number of square feet, when the plank is of the 
usual form ; that is, a rectangle. 

But if the plank be tapering, add the two widths at the 
ends together, and take half the sum for the mean breadth, 
by which multiply the length : the result wiU be the number 
of square feet. 

[We have here spoken of multiplying length by breadth, 
as it is the universal form of expression in the trade : but, 
in fact, only abstract numbers, and not the concrete quan- 
tities, feet and inches, are really worked with. See the 
remarks on this subject at p. 37.] 

Examples. 

1. How many square feet are there in a plank 16 feet 6 inches long, 
and 14 inches broad ? 

ft. in. 

16 6 or : 16 ft. 6 in. = 198 in. ; and 198 X 14 = 2772. 

1 2 144) 2772 (19i% = 19J sq. ft. Ans. 

16 6 

2 9 



19 Ft. 3 Pts. Am. 19A sq.'ft. = 19^ sq. ft. 
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1)6 oyerlooked, that whatever be the proposed thickness of the planks, 
unless the breadth of the log contain this thickness an exact number of 
times, there will be waste, or at least the finsd plank will haye less 
thickness ; its correct measurement, however, in accordance with this 
reduced thickness, is included in the result of the calculation. For 
instance, in cutting inch-thick planks out of a log, if the last plank 
should be only a quarter of an inch thick, the calculation would give, 
for this thin slice, the value of only one quarter of a complete inch- 
thick plank. 

11, Solid Measure, 

Problem 1. 

To find the cubic contents of a squared log of timber. 

[A log of timber is said to be squared when, its outer 
irregularities have been removed, and it is reduced to a piece 
with four flat sides."] 

EuLB I. — When the four sides are rectangles. Multiply the 
three dimensions, — ^length, breadth, and thickness (or rather 
the numbers expressing these) together : the product will 
be cubic contents. 

Examples. 

1. A log of timber is 26^ feet long, 18} inches broad, and 14} inches 
thick : how many cubic feet are there in it ? 

ft. in. 
26 6 
18} in. = 1 6 6 . 14 



26 


6 




13 


3 




1 


1 


3 


40 


10 


3 



40 
n. = 1 


10 
2 


3 
6 


6 
1 




40 
6 

1 


10 
9 
8 


3 
8 
5 


6 


Ans, 49 Ft, 


.4^ 


4" 


lv^n 


6' 



\w\ 



Or thus : 26} ft. = 318 inches 

Multiplied by 18} 

= 6883 
Multiplied by 14} 

1728) 85303} (49 Ft. 

Remainder 631} Inches. 
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In the first of these operations, the entire process is worked 
out in full : in the second, the details of the two multiplica- 
tions and of the final division are suppressed, in order to 
save room. The former mode of working, by cross multi- 
plication, we consider to be that which should, in general, 
be preferred : the successive steps of the work may, by help 
of the Pence Table, be very rapidly executed (see p. 11); 
and in the final result the several terms, proceeding from 
left to right, regularly descend by twelfths : thus, the result 
49 ft. 4' 4'' 7''' 6'''\ above, indicates that the cubic content of 
the log is 49 cubic feet, 4 twelfths of 1 cubic foot, 4 
twelfths of one twelfth, 7 cubic inches; and, finally, 6 
twelfths of a cubic inch. We have not here g^ven any 
distinctive names to these several denominations, and it is 
enough to know that the unit of any term is, in value, one- 
twelfth of the unit in the immediately preceding term : the 
first 4, after the 49 Ft., is Aths of a cubic foot ; the next 
4 is T4 4 of a cubic foot ; the 7 is xrVg- of a cubic foot ; and 
the 6 is fritxii or -j^-fg-F of a cubic foot. It is thus plain 
that the third term after the 49 denotes 7 cubic inches, the 
term following denoting 6 twelfths of a cubic inch, that 
is, i^ a cubic inch.* 

The strict accuracy with which this result is given is not 
absolutely necessary in the practical measurement of timber ; 
yet it is important fliat the computer should know the exact 
amount of error committed by rejecting one or more of the 
final denominations in any result worked out, as in the above 
instance, with scrupulous accuracy. In order to do this, 
whatever be the dimensions of the log with which he is con- 
cerned, let him imagine a second log, of which each of the 
ends is just a square foot: then every unit in the first 
denomination of his result, after cubic feet, will represent 
a slice o£E the end of this second log, an inch thick ; in the 
foregoing Example, the 4 represents a solid slice 4 inches 
thick. Every unit in the next term represents a marginal 
portion of the inch-thick slice, an inch wide ; that is, a stick 
of wood a foot long and an inch square at the ends. Again : 

♦ The computer, however, will perhaps prefer to distinguish these 
several denominations by dashes marked with the pen, writing the 
foregoing result thus, 49 Ft. 4* 4"* 7i In. We have marked them in 
this way in the answers to some of the questions which follow. 
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every unit in the next term denotes an inch cut o£P the end 
of tlus stick of wood, and is therefore 1 cubic inch ; and each 
unit in the term next following denotes a twelfth of a cubic 
inch : the 6, in the case above, being, as before remarked, 
^ of a cubic inch. For all practical purposes, fractions of 
a cubic inch, even in such costly wood as Spanish mahogany, 
may be disregarded, at least, whenever the fraction is below 
i : when it is (as above) exactly J, as also when it exceeds 
i, it may be taken as an additional whole inch. If it be 
desired to express the result in cubic feet and inches only, 
— ^without the intermediate denominations — ^we shall have 
merely to multiply the first term, after Feet, by 12, taking 
in the next following term ; then to multiply the product 
by 12, taking in the next term ; that is, the Inches : thus, 
in the case worked above, multiplying the 4 by 12, and 
taking in the 4 next to it, we have 52 ; and then multiplying 
this by 1 2, and taking in the 7^ inches, we havcGS 1^ Lxches, 
agreeing with the result in "^e second operation ; so that, 
in Feet and Inches, the cubic content of the log is 49 Ft. 
631i^ In. 

2. How many cubic feet are there in a log of timber 12 ft. 9 in. long, 

2 ft. 10 in. broad, and 2 ft. 1 in. thick ? 
Am. 76 Ft. 3* 1" 6 In., or 75 Ft. 460 In. 

3. Howman^cubio feet are there in a log of which the length, breadth, 

and thickness are respectively 23} ft., 33 in., and 19 in. ? 
Ana. 96 Ft. V 6* 6 In. 

[The single dash here marks 12ths of a Foot, and the 
double dash 144ths.] 

EiTLE H. — When the log regularly tapers from one end to the 
other. Take the breadth and thickness at the middle of the 
log: these measurements will be the mean breadth and 
thickness ; and these and the length multiplied together, as 
in Rule I., will give the cubic contents, nearly. 

Note. — The dimensions at the middle of the log, that is, the mean 
breadth and thickness, may be found by taking half the sum of the 
breadths at the two ends for the mean breadth, and half the sum of the 
two ti^cknesses for the mean thickness. 

4. Kequired the cubic contents of a log of which the length is 18 feet, 

and the mean breadth and thickness 18 inches and 10 inches? 
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This Example may be worked the more readily by pro- 
ceeding agreeably to the second method of solving Ex. 1 
(p. 142), but without taking the trouble of reducing me feet, 
in the length of the log, to inches ; since here there is no 
fraction of a foot to be taken account of. If we thus omit to 
multiply this dimension by 12, we must expunge the factor 
12 from the divisor 1728 ; that is, we must divide only by 
144. Moreover, the given dimensions here happen to be 
such that all the work which is absolutely necessary may be 
executed mentally, without putting pen to paper : for the 
divisor 144 is readily seen to be 8 times 18, so that if the 
factor 18 be suppressed in the multiplication, the divisor, 
instead of 144, will be only 8 : but the other two factors are 
18 and 10 ; that is 9 x 2, and 5x2, the product of which 
is 45 X 4 ; and expimging this 4, as also the factor 4 in 
the B, Ihe divisor of tihie 45 is reduced to the number 2 ; and 
therefore the quotient is 22^ Ft., the required cubic contents. 
And in this way, by expunging factors common to either 
multiplier and to me divisor, the work may, where such 
common factors exist, always be shortened. The following 
is an additional example. 

5. Bequiied the cubic contents of a log of which the length is 16 feet, 

and the mean breadth and thickness each 14 inches P 
Arts. 21^ Ft. 

6. Bequired the cubic contents of a log 18 feet long, the ends of which 

are squares, each side of one end being 18 inches, and each side 
of the other end 12 inches ? 
Ans. 28J Ft. 

It was stated in the Eule, that the cubic contents of a 
regularly tapering log, calculated in the foregoing manner, 
are not determined with strict mathematical accuracy, but 
only nearly. It is, however, the rule always employed in the 
timber trade, though the results it gives are usually some- 
what short of the exact result ; a sort of compensation being 
thus made for the departure of the shape of the log from that 
uniformity in breadth and thickness which it is desirable 
that a log of timber should have. The strictly correct rule 
lor a tapering log, of which the ends, though unequal, are 
similar figures, is as follows : — 

To the areas of the two ends add the square root of their 

H 
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product : multiply the sum by the length of the log, and 
take one-third of the product for the cubic contents. 

Thus, taking Ex. 6, above, we have — 

For the areas of the two ends, 18* + 12* = 324 + 144 = 
468 ; and for the sq. root of their product, ^ (324 X 144) 
= 18 X 12 = 216. Then, by this Eule, (468 + 216) X 18 
-r 3 = 684 X 6 = 4104 ; and this divided by 144 gives 
28 J Feet ; while the answer above is only 28^ Ft., the differ- 
ence being | of a cubic foot, which may be regarded as an 
allowance for the inequality in the two ends of the log. 

Fboblem 2. 
To find the cubic contents of a log of round or unsquared timber. 

When a tree is lopped of its branches, and but roughly 
dressed, it is caUed round timber ; and the circimif erence d! 
it at any part is called the girt (or girth) at that part. When 
the tree tapers regularly, the girt in the middle, or half the 
simi of the girts at the two ends, is the mean girt ; but it is 
often more satisfactory to girt the tree in several places, 
and to divide the sum of the several girts by the number 
of them for the mean girt. One-fourOi of the mean girt 
is called the quarter-girt of the tree ; and the Bule for the 
cubic contents is as follows. 

Ettle. — ^Multiply the nimiber of inches in the quarter-girt 
by itself, and the product by the number of feet in the 
length : the result, divided by 144, will give the number of 
cubic feet in the tree. 

Examples. 

1. A tree Ib 24 feet long, its girt at the thicker end U feet, and at the 
thinner end 2 feet : what are its cubic contents ? 

16 ft. -^ 2 = 8 ft. = 96 in., the mean girt, therefore 24 in. =the 
quartew-girt; then by the Rule, 24 X 24 X 24 -f- 144=2 X2X 
24 = 96 Ft. 

In all cases where multiplications and divisions are ooa- 
cemed, the computer should be on the look out for factors 
common to multipliers and divisors, and suppress them 
before entering upon the numerical work : thus, in the 



2100 



52^ 
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present example, an experienced calculator would not write 
down 24 X 24 X 24 -r 144 at all ; but, dis- loi 

missing tiie factors 12, 12, which he would io| 

see at a glance to be common to the multi- 

pliers 24, 24, aad to the divisor 144, would ^^^ 

write merely the factors left. 2I 

2. A tree is 20J feet long, and its quarter-girt is 10 J 777" 

inches : required its cubic contents ? 20i 

The operations to be performed are thus 
indicated, viz., lOJ x lOJ X 20^^-^ 144, and 
these we shall execute as in the margin, dis- 
regarding the multiplication of ^ by ^ ; since, 144) 2152^ 

asweshallpresenily see, the fraction arising • 

from, this multiplication is of no practical ___:** 
consequence. The result of the operation 12) i36iRem. 
shows that the contents of the tree are 14 — - — 
cable feet and llf twelfths of a cubic foot nf 
besides. 

Let us now estimate the amount of error in this con- 
clusion, arising from our neglect of the i X J, or iV, which, 
in strictness, ought to have entered the first product, 105, 
the correct product being 105-iV. The omission of this 
fraction causes an error of -A- X 20J, that is, of Ht in the 
next product, which, accurately, is 2152i^ + a 2 ; so that, in 

addition to the 14 Ft. + — — ?" Ft., we ought to have had 

144 

41 
32 V 144 '^^' ^®®^^^^- ^^^ *^^ fraction is obviously the 

32 9 

sum of the two fractions q^ ^^ , . . and ^^ ^^ , .. ; that is, it 

32 X 144 32 X 144 ' ' 

9 

is equal to lit + qo v 144 ^ ^^^ therefore less than tat + 5 

of rir. Hence, referring to our standard log, or log of 
reference, adverted to at p. 143, and which is a log 1 foot in 
breadth and in thickness throughout, it follows that the 
sacrifice of timber, in the case before us, is less than a slice off 
the end of that log, iV of an inch plus i of tV in thickness ; 
that isto say, aslice scarcely the thickness of ashilling, which, 
of course, in a log of rough timber, is of no moment whatever. 

H 2 



148 COMPENDIOUS CALCULATIONS. 

We have entered into these considerations here, in order 
that the timber-measurer may see how unnecessary it is, in 
multiplying the quarter-girt by itself, that such fractions of 
a square inch should be computed, and retained in the pro- 
duct. He will perceive, from the above, that in general, if 
this product be determined to the nearest inch only— in 
excess of the exact product, if the fraction be equal to or 
greater than ^, and in defect of the exact product, if the 
fraction be less than i — no appreciable error in the cubic 
contents of the log will be committed. 

Moreover, there is an additional reason for disregarding 

these niceties in calculating the cubic measurement of rougn 

timber. The quarter-girfc Eule, given above, however 

strictly followed, does not itself give the exact cubic 

measurement, nor is it intended to do so : the true result 

is about one-fourth more than the result arrived at by the 

Eule, as may be proved from geometrical considerations ; 

but it is the custom of the trade to make this allowance of 

one-fourth for the waste (as timber), in squaring the rough 

log. The greatest squared log that can be cut out of any 

portion of a rough round tree, is that of which the breadth 

and thickness are equal; that is, the cross-section must 

throughout be a square ; for any other four-sided shape^ the 

timber, in the squared log, will be less ; and this fact it is 

well should be generally known : the allowance for waste 

presumes that the squaring is thus economically executed. 

This circumstance — of the trade-rule giving the cubic 

measurement of a rough log one-fourth less than the actual 

number of cubic feet in it— -satisfactorily explains*why it is 

that, in Tables of the bulks of different materials which go 

to a loadf we find 

" 40 cubic feet of round or rough timber = 1 load." 
and " 60 feet of squared timber = 1 load." 

The 40 cubic feet of round or rough timber, as calculated 
per Rule, is in reality 40 feet plus one-fourth of 40 feet; 
that is, it is 50 feet. (See following Table.) 

3. A piece of round timber is 9 feet 6 inches long, and its quarter-girt 

42 inches : how many cubic feet are there in it ? Ana, 116} Ft. 

4. The average girt of a round log is 6 feet 3 inches, and its lexiyethis 

12 feet : how many cubic feet are there in it ? Ans, 29 J Ft. 
Note. — ^If the tree taper very irregularly, it is best to divide it into 
several lengths, and to find the cubic contents of each portion separately- 
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Timber Table. 

40 cubic feet of round timber make 1 load. 

50 „ squared timber y, 1 load. 

600 square feet of inch-thick plank ,, 
400 „ IJin. „ „ 

300 ,f 2 in. 

200 f, 3 in. 

150 „ 4 in. 



>» 

If 
tf 






1 load. 



Average Weight of a Cubic Foot, in lbs. Avoirdupois. 



KameofWogd. 



L 



Cork 

Poplar .... 

Larch 

£hn 

Honduras Mahogany 
Willow .... 

Cedar 

Pitch Pine . . . 
Pear-tree . . . 
Walnut .... 
Mar Forest Fir . . 
Elder-tree . . . 
Beech 



Weight 
inlSs. 



15 

23-94 

34 

34-75 

35 

36-66 

37-25 

41-25 

41-31 

41-94 

43-37 

43*44 

43-5 



Name of Wood. 






Cherry-tree .... 

Teak 

Maple and Eiga Fir . 
Ash and Danteic Oak . 
Dutch Tew . . 
Apple-tree . . 
Alder .... 
Spanish Yew . 
Spanish Mahogany 
Canada Oak 
French Box . . 
English Oak . 
Ditto 60 years old 



W( 

in 



ht 



eigni 
ilSe. 



44-68 

46-56 

46-87 

47-5 

49-26 

49-56 

50 

50-44 

53-25 

54-5 

57 

60-62 

73-12 



[We see by this Table how inaccurate it is to call, indis- 
iminately, a load of wood (50 cubic feet) ** a ton."] 



cnmin 



From the foregoing Table,, the number of cubic feet in a misshapen 
log, or block of wood, may be ascertained from knowing the weight of 
the mass ; and conversely, the cubic contents being known, the weight 
may be found, as in the two problems following. 



Pbobleh 1. 

The weight being given, to find the cubic contents of apiece of 

timber. 

EuLE. — Divide the niimber of lbs. in the given weight by 
the number of lbs. in a cubic foot, as given in the Table ; 
md the quotient will be the number of cubic feet in the 
piece. 
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Examples. 

1. How many cubic feet are there in a ton of Honduras Maho^y? 

By the Table, a cubic foot weighs 35 lbs., and 2240 is the 
number of lbs. in a ton : hence by the Rule, 2240 -7- 35 =64, 
the number of cubic feet in a ton. If the wood had been English 
Oak, the work would have been 2240-^60-62 = 36-96, the 
number of cubic feet in a ton of English Oak. 

2. How many cubic feet are there in 7 cwt. 12 lbs. of Spanish 

Mahogany ? 7 cwt. 12 lbs. = 796 lbs. ; then, by the Rule, 
796 -f- 63*26 = 14*94, the number of cubic feet. Ans. 

3. How many cubic feet are there in a ton of Beech ? 

Ans. 61*49 cubic feet. 

4. How many cubic feet are there in a Ion of Riga Fir ? 

Ati8, 47*76 cubic feet. 

6. How many cubic feet are there in a mass of English Oak weighing 
11 cwt ? Ans, 20*32 cubic feet. 

[It will of course be understood that the above are the 
average, or medium results, in each case ; for the same 
weight of different specimens may vary in bulk; and 
conversely.] 

Problem 2. (Conveese of Prob. 1.) 

The hulk of apiece of timber being given, to find its weigU. 

Rule. — Multiply the cubic contents of the piece by the 
corresponding tabular number ; and the product will be the 
number of lbs. weight. 

Examples. 

1. What is the weight of a log of Larch 14 feet long, 2\ feet broad, 

and 1^ feet tMck P 

2 J X 14 = 36 ; and 35 X 1 "26 = 43*76 Ft the cubic contents. 
Then, 43*76 X 34 = 1487*6 lbs. = 13 cwt. 1 qr. 3i lbs., Am. 

2. What is the weight of a log of Honduras Mahogany, of which the 

contents are 64 cubic feet ? Ana. 1 ton. 

3. What is the weight of a piece of Spanish Mahogany, of which the 

contents are 14*94 cubic feet ? Am. 7 cwt. 12 lbs. 

4. What is the weight of a log of Pitch Pine, 24 feet long, 3 feet broad, 

and 2^ feet thick ? Ana. 3 tons 6 cwt. 23 lbs. 

[From the numbers in the preceding Table may easily be 
deduced the Specific Gra/oity of any of the woods there 
registered. By the specific gravity of any substance, is meant 
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the ratio of the weight of any bulk of it, to the weight of an 

equal bulk of distilled water, when at the temperature of 60*^ 

of Fahrenheit's thermometer. At this temperature, a cubic 

foot of water weighs 1000 ounces aroirdupois, that is, 62^ 

lbs. If therefore anyone of the numbers in the Table be 

divided by 62^, the quotient will be the ratio alluded to ; 

that is, the specific gravity of the wood which that number 

84 
stands against. For example, take larch : then — — - = i^jnr 

= '544, the specific gravity of larch.] 



Calculations useful in the Woek of Artificers. 

By the term '' Artificers " is to be understood those classes 
of workmen whose workmanship, as well as the materials on 
which they operate, is estimated by measurement. Such 
are Carpenters, Joiners, Masons, &c. 

I. — Carpenters' aot) Joiners' Work. 

This kind of work, as called into requisition in a building, 
comprehends flooring, partitioning, wainscoting, roofing, &c. 
The workmanship is generally estimated in square measure, 
though cornices, mouldings^ and the like ornamental work, 
are usually measured by the lineal foot. Flooring and 
partitioning, and other boarding of much eid^ent, are 
measured by the square of 100 superficial feet; that is, a 
square of boarding, whether floor, or wainscot, or partition, 
&c., is 100 superficial feet. 

A Square of BoARDiNa requires, 

With hoards 10 feet long, 

24 boards, 5 inches broad. I 15 boards, 8 inches broad. 
20 „ 6 „ I 12 „ 10 „ 

If the boards be 7 inches broad, there must be 1 7 of them, 
and a slip 1 inch broad q& the whole length of another 
board besides, to make up the square ; the measure of this 
additional piece being 120 square inches, or f square foot. 
If the boards be 9 inches broad, there must be 13 of them, 
with an additional slip 3 inches broad besides ; the measure 
of this sKp being 2^ square feet. 
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12 boards, 8 in. broad 4- 4 sq. ft. 1^ 
11 „ 9 „ +I«q.ft. f 

10 „ 10 „ V; 



With hoards 12 feet hng. 

20 boards, 5 in. broad. 

16 „ 6 „ 4-4sq.it. 

H „ 7 „ +2 sq.ft. 

*«* The additional square feet here are the measure of a slip so maay i 
inches broad and 12 feet long. \ 

The reader may readily satisfy himself that the number \ 
of boards specified abo¥e is, in each case, such as to make 
up exactly 100 superficial feet; thus, the number of ten- 
foot boards, laid side by side, must make an entire breadth 
of boarding of 10 feet, or 120 inches, in order that the 
whole surface may measure 100 square feet ; and it is easy 
to see that this is the breadth reached by using the number 
of boards stated in the Table. When the breadth of board 
is 7 inches or 9 inches, a fraction of a board, or a slip off 
the whole length of it, is necessary to complete the square; 
in the former case, the slip must be 1 inch broad, in the 
latter case, 3 inches, because 17 X 7 = 119 only, instead 
of 120, and 13 X 9 = 117 only, instead of 120. A slip an 
inch broad, q& a board 10 feet or 120 inches long, measures, 
cf course, 120 square inches. 

With boards 12 feet long, the entire breadth, to complete 
100 square feet, must be 100 inches, that is 8^^ feet: and 
every inch of breadth, cut off the entire length of such a 
board, is a slip measuring 144 square inches, or 1 square 
foot : the correctness of the statements in the Table are thus 
obvious. But if the boards are rough, and imprepared for 
wrought flooring, then an allowance must be made for the 
loss of breadth in planing the edges ; thus, while twelve 
and a half, 12-feet boards, 8 inches broad, sujQice for a 
square of rough flooring, thirteen are allowed for a square 
of wrought flooring ; and for rough boards, 9 inches broad, 
11 J are allowed for a square of wrought flooring ; while of 
15-feet battens, 7 inches broad, fifteen are considered neces- 
sary, if the edges are to be planed. The narrower the 
board the greater, of course, is the waste in planing. 

There are what are called '^ Standard Measurements" 
for Deals and Battens, these latter being only a narrower 
kind of deals. The London and Dublin standard deal is 
12 feet long, 9 inches broad, and 3 inches thick ; while the 
batten (of whatever length) is 7 inches broad and 3 inches 
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c. When tlie breadth and thickness— one oi both — 
r from these dimensions, the piece is called simply a 
d^ or a plank ; but when a three-inch deal, or batten, 
wn into thinner boards for flooring, partitioning, &c., 
board is called a leaf. 

le standard for deals differs in different countries ; the 
Ldpal are as follows : — 

Standard Deals. 

Lengrih. Breadth. Thickness. 
■sbnrg .... 12 ft. 11 in. 1^ in. == 16} sq. ft., 1 in. thick, 
ttdaxda ... 11 9 l| = 10^ „ „ 

jon and Dublin 12 9 3 = 27 „ „ 

»ec[100] . . 12 11 2} =27} „ ,; 

I the Timber-market, 120 deals go to the hundred, 
<pt the Quebec 100 ; and, consequently, in a Petersburg 
idred there are 1980 superficial feet, 1 inch thick, or 165 
c feet ; in a Ohristiania Hundred, 1237}^ superficial feet, 
ch thick, or 1031 cubic feet; in a London and Dublin 
idred, 3240 superficial feet, 1 inch thick, or 270 cubic 
; and in a Quebec Hundred, 2750 superficial feet, 1 inch 
k, or 229i cubic feet. 

Examples, 

L piece of boarding measures 96 ft. 3 in. by 21 ft. ft* in. 
3 in. : how many squares are there in it ? 96 3 

cm the annexed work, it appears that there are 

sg. ft., 3 twelfths of a sq. ft., and 9 sq. in. ; that is 2021 3 
y, 2045 Ft. 45 In. : so that, dividing tiie number of 24 9 
re feet by 100, the answer is 20 Squares, 46,Ft., 46 In. 

i a floor be 67 ft. 3 in. by 28 ft. 6 in., how many 20,46 3 9 
squares are there in it ? [See the work below.] 

the 7y in' the second pleice, represents so many twelfths of a square 
and the 6, in the next place, so many square inches, ft. ]q, 
Qswer is 16 Squares, 31 Ft., 90 In. = 16^ sq. nearly. 57 3 ' 

n aU calculations of this kind care must be ^^ ^ 
n to avoid the not uncommon error of re- ^qq^ 
ling the second term in the result as so many 28 7 6 

tre inches, instead of so many twelfths of a 

are foot. Each of these twelfths is, of course, 1^>31 7 6 

iches, not 1 inch ; it is the third term that 

»tes square inches : the 7 above represents 84 square 

es.] 

Hd 
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3. A partition measures 91 ft. 9 in. by 11 ft. 3 in. : how many squares 

are there in it P Ans, 10 Squares, 32 Ft., 27 In. 

4. A wainscoted room is 16 feet 3 in. high, and 137 ft. 6 in. in compass : 

how many squares are there in it ? 
Ans. 22 Squares, 34 Ft., 54 In. 

5. A piece of boarding measures 36 ft. 4 in. by 12 ft. 3 in. : what did 

it cost (material and workmanship), at the rate of £6 15«. per 
square ? Ans, £30 Os, lO^d, 

It may be well that we should exhibit the work of this example at 
lengtii. 

ft. in. i£ 8. d, 

36 4 6 15 

12 3 4 



436 Value of 4 Sqs. = 27 

9 10 „ 26 Ft. = 1 13 9=iof£616«. 

„ 20 Ft. = 1 7 0z=l „ 



4,46 1=4 Sq. 46 Ft. 12 In. 



£30 05. 9</^. 



[45 Ft. = 26 Ft. + 20 Ft. = J of 100 + i of 100.] 

The 12 Inches are still to be valued ; that is, the twelfth part of 1 Ft. 
The value of 1 Ft. being the 20th part of 27s., we have to divide this 
by 20 and 12, or to take the 20th part of 27 pence, which may be 
regarded as l\d» ; so that the answer to the question is £30 0«. 10^. 
The odd halfpenny would, of course, be disregarded. But the price of 
a square of boarding, or flooring, &c., being given, the price of any 
number of squares, and parts of a square, may be readily ciEilculated by 
the following Eule. 

Problem 1. 

Hie price of a square leing given, to find the price of any number 
of squares and fractions of a square, 

Eule. — ^Eecard eacli Square as £5, and therefore each Ft. 
at 1«., and eadL twelfth of 1 Et. as \d. We shaU tiius have 
the price of the whole at the rate of £5 per square : then 
take parts for the difference between £5 and the given price 
per square. 

Thus, returning to the Example above, we have : — 

£ a. d. £ 8, 

For 4 Sq. 46iV Ft. 22 6 1 = price at 6 

^ of the above 4 9 0= „ 1 

I of last sum 2 4 6= „ 10 

I „ 1 2 3= „ 6 



£30 09. 10^;. „ £6 16«. 
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We have here disregarded the fractions of Id.; they are 

4 4-24-1 
as follows : id, + -^. + -hd. = "^ — d, = -i^d,^ 

the same as before. 

2. The dimensionfi of a floor are 53 ft. 6 in. by 27 ft. 9 in. : required 

the cost, at £3 ids. per square ? Ans. £95 15«. 11^^. 

3. If a floor be 57 ft. 3 in. by 28 ft. 6 in., what will be the cost of the 

boarding, at £1 13«. ^d. per square ? Ans, £27 Ss, lO^d. 

4. What wUl be the cost of a boarded floor, measuring 86 ft. 10 in. 

by 28 ft. 6 in., at the rate of I85. per square P Afts, £37 16«. 

Note. — ^In the foregoing examples we have considered the flooring 
to be boarded flooring ; but it may be proper here to remind the reader 
that, previously to &.e boarding, a naked flooring, as it is called, is 
constructed to support the boards. This is a framework, the com- 
ponent pieces of wmch are called joists and girders, which are partially 
inserted in the brickwork or masonry. The squares in a naked flooring 
are computed in exactly the same way as the squares in a boarded 
flooring, — ^the measurements of length and breadth being extended to 
the extreme limits of the timber, including the insertions in the walls, 
though these are out of sight. Eoofing, also, is computed in like 
manner; the girt of the roof, measured with a string from the extreme 
end of one rsm;er, over the ridge, to the extreme end of the opposite 
rafter, is taken for the breadth, and this is multiplied by the length, 
and the number of squares of roofing found, just as if these were the 
dimensions of a boarded floor. 

"We here, however, consider the roof to present but two sloping 
faces, terminating in a single ridge. But in many structures the roof 
presents four faces or slopes, the opposite pair being usually sym- 
metrical. Every such face is measured and computed exactly as we 
measure and compute the surface of a tapering board or plank (p. 139), 
that is, the two parallel lengths are added together — the base of the 
slope and the upper parallel ridge — and half their sum is multiplied by 
the distance between them ; this being the length of a strinp^ stretched 
from one to the other. Should either face terminate in a pomt, instead 
of in a ridge, then merely half the base of the triangle is to be multi- 
plied by the distance of it from the vertex, or terminating point ; for 
then Ihere is no length of upper ridge to be added. The surfaces of 
all the faces being added together, the sum will be the surface-measure, 
in square feet, of the whole roof. If the faces terminate in a flat, the 
surface of this flat is of course to be added. 

Problem 2. 

The price per Hundred (120) deals heing given, to find the price 

^er single deal, 

EuLE. — ^Twice the number of £*sin the price of a Hundred 
will be the number of pence in the price per single deal. 
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Examples. 

1. At £12 per Hundred, what is the prioe of a smgle deal ? 

12 X 2 = 24 pence; therefore the price is 2$, 

2. At £14 5«. -per Hundred, what is the price per deal ? 

14} X 2==28i pence=2<. ^d. Atu. 

The reason of the Bnle is pret^ obvious : there are 120 twopences 
in £1 ; so that, at £1 per Hundred, each deal would cost 2d, ; hence as 
many £*s as there are in the cost of a Hundred, so many twopences 
must there be in the cost of one. 

3. At £15 Bs. per Hundred, what is the price per deal ? Ans. 2s. 6ld, 

4. At £16 15«. per Hundred, what istheprice per deal ? Ans, 2s, d^d. 

Problem 3. (Conyebsb of Fbob. 2.) 

The price of a single deal being given, to find the price of a 

Hundred (120). 

BuLE. — Half the ntimber of pence in the price of one will 
be the number of £'s in the price of 120. 

This Eule is an obvious inference from that of last 
problem. 

Examples. 

1. If a single deal cost 2«. 10^., what is the price of 120 ? 

2s, 10^. =1 34 pence ; therefore the price of 120 is £17. 

2. If a single deal cost 2s. Q^d., what will 120 cost P Ans. £15 bs. 

3. If a single deal cost 28. Zd., what will 120 cost P - Ans. £13 10«. 

Problem 4. 

The price per running foot {foot of the length) of a standard 
deal being given, to find the price of a Hundred; and 
conversely, 

Bule. — 1. Six times the number of pence in the price of 
a running foot will be the number of £'s in the price of 120 
standard deals. 

For as many pence as 1 foot costs, so many shillings will 
12 feet, or a whole deal cost. But there are 120 deals ; and 
120 = 6 X 20: hence, if we multiply the before-mentioned 
number of shillings (that is, the given number of pence) by 
Q, the result must be the number of £'s in the cost of the 
whole 120. 
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2. Convirsely. Divide the number of £'s in the cost of 
120 standard deals, by 6, and the result wiU be the number 
of pence per running foot. 

These two Eules may be expressed a little differently : 
thus, for the first we may say, — ^Regard the pence in the 
given price as so many £'s, and multiply by 6 : and for the 
• second^ — ^Begard the £'s in the given price as so many pence, 
and divide by 6. We shall here work by the Eules m this 
form. 

Examples. 

1. What is the price of 120 standard deals, at 3^. per numing foot ; 

and what the price at 2|J. ? 

Ist. £3 J X 6 = £21 . Ans, 2nd. £2} X 6 = £2 15«. X 6 = 
£16 10«. An8» 

2. At £16 per Hundred, what is the price of a running foot ; and 

what the price at £13 10«. P 

1st. 16rf.-i-6=2K Afi8, 2nd. 13J<f. -^6 = 27<f.-f- 12 
= 2\i, Ant, 

3. Keqnired the price of 120 standard deals, at 2\d. per numing foot ? 

Ana. £13 10«. 

4. If 120 standard deals cost £16 16«., what is the cost per running 

foot ? Ans. 2id. 

KoTE. — ^A 12-foot hoard, whether a standard deal or not, always 
contains as many superficial feet as there are inches in its hreaidth ; for 
the sur&u2e, in square feet, is 12 ft. multiplied by the 12th part of the 
number of inches in the breadth ; and 12 times the 12th part of any 
number is that number itself. The value of any portion of breadth cut 
off, and running the whole length of such a board, is therefore easily 
found ; thus, — ^As the whole breadth is to the breisulth of the sHp cut 
off, so is the price of the board to the value of the part taken away. 
For example : From a 12-foot deal, 9 in. broad, a slip, 2 in. broad, is 
cut off; what is the value of it, at 28. 6d. for the deal ? 

The value is | of 2«. 6d. = 5«. -f- 9 = 6f <?. 

Again : — ^If 2«. 6d. be charged for a 12-foot batten, 7 inches broad, 
cut off a board of the same length, 11 inches broad, what is the entire 
board valued at ? The value is V of 2«. 6d. = 27«. 6<f. -f- 7 = 3^. 1 IK* 



• For much practical information respecting the purchasing and 
measurement of Timber and Deals, see ** The Timber Importer s and 
Timber Merchant's Guide," by Eichard E. Grandy: published by 
Crosby Lockwood and Co. 
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n. — Bricklayers' Work. 

Brickwork is usually measured by either the square yard, 
or the square pole, or rod, or perch. As the Hnear English 
rod, or perch, is 51 yards, or 16 J- feet, the square rod or 
perch contains 30J square yards, or 272J^ square feet 

The surface of the brickwork being measured in this way, 
the unit or standard of thickness is fixed at a brick and a 
half, in addition to the mortar ; so that if there be more or 
less than a brick and a half in the thickness of a waU, the 
number of square yards or rods is computed accordingly. 
Thus, if the wall be 2 bricks thick, its tmcknessis H of the 
standard thickness ; if 3 bricks thick, twice standard thick- 
ness ; if 1 brick thick, ^ of standard thickness, and so on. 

Problem 1. 

The length and height of a wall being given, and the number of 
half bricks in its thickness, to find how many yards or rods 
of brickwork it contains, 

EuLE — 1. Multiply the length and height together, for 
the number of square feet in the surface of the waU. 

2. Multiply this number of square feet by the number of 
half bricks in the thickness, and divide the product by 3 : 
the quotient will be the number of square feet a brick and a 
half thick. Divide again by 9, to bring these feet to square 
yards, or by 272 J to bring them to square rods or perches. 

Examples. 

1. How many sq. rods of brickwork are there in a wall, of which the 
length is 57 ft. 3 in., and the height 24 ft. 6 in. ; the waU being 
2 J bricks thick ? 

ft. in. 
67 3 
24 6 



1374 

28 7 



1402 7 6 = area of surface of wall. 
5 = half -bricks in thickness. 

3) 7013 1 6 

272 J) 2337 8 6 (8 sq. rods, 17i sq. yards; the Ana. 
2178 

9) 159 

I7f=17| sq. yards. 
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The 8} twelfths of a sq. foot have not been divided by the 9, and so 
conyerted into a fraction of a ^ard, as the result would be insignificant ; 
but instead of entirely rejecting the 8|' as here, the small ^^i 

error would have been still less if we had replaced it by an nA 
additional foot, making the dividend 2338, and therefore ^ 

the overplus 17 i sq. yards ; which errs less in excess than 17} 
errs in defect ; the former measure being only 3|^ in excess, 
while the latter is 8}^ in defect. 

The calculation may be performed a little more expe- 

ditiously in the manner here annexed. The number 2338 1402^ 
is the measure of the brickwork to the nearest sq. foot; g* 

and the measure in sq. rods is obtained by dividing this 

number by 272 J, as above. Whenever the odd inches in^v 7ai<i7 
the linear measurement amount to half or a quarter of a foot, ' ' * 
the superficial contents may often be most readily computed qqoq' 
in this way. 

2. How many square yards of brickwork are there in a wall 75 ft. 

long, and 16 ft. 9 in. high, the wall being 3 bricks thick ? 
Ana. 262 Yds. 4J Ft. 

[When the thickness is 3 bricks, instead of multiplying 
by the number of half-bricks (6), and dividing by 3, we 
need merely multiply by 2 ; and when the thickness is 4 J 
bricks, we have only to multiply by 3.] 

3. A garden, 160 feet broad, contains exactly one aero : what would be 

the expense of inclosing it with a brick wall 10^ ft. high and 2^ 
bricks thick, allowing the work to bo at the rate of 6s. 7hd. 
per sq. yard, of standard thickness ; deductions being made for 
two doors, each 6 ft. 9 in. by 4 ft., and for a gateway, the height 
of the wall, and 11 ft. wide ? Ans. £463 18*. lO^d. 

It has been found that 272 feet of superficial area of brickwork, a 
brick and a half thick, require 4600 bricks, making due allowance for 
waste : hence the number of bricks necessary for every square foot of 
this surface will be found by dividing 4500 by 272. Now 

4600 -r 272 = 16*544117... 

Consequently two-thirds of this will bo tbe number of bricks required 
for each square foot of the work, when it is only 1 brick thick ; four- 
thirds, when it is 2 bricks thick ; five-thirds when it is 2^ bricks thick ; 
and so on ; and in this way is tbe following Table constructed. 

[It will be noticed that the number of bricks in a square 
foot is in no case exact; and that the decimal parts are 
given to three places. The object of so doing is to make 
tihe table equally useful for large as for small surfaces, as 
will be seen by &e examples.] 
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Table 

Showing the number ofhrieh required for walls of different 

thicknesses. 



Buper- 
fldafarea 
insq. fk. 


. Nmnber of bricks required. 


1 brick. 


1| bricks. 


2 bricks. 


aibriflkfl. 


8 bricks. 


1 
2 
3 
4 
6 
6 
7 
8 
9 


11-029.. 

22*069 

33*088.. 

44*118 

66*147.. 

66-176.. 

77-206 

88*236.. 

99-266 


16*644.. 

33*088.. 

49*632.. 

66-176.. 

82*721 

99*266 
116*809 
132*363 
148*897.. 


22*069 
44-118 
66*176.. 
88*236.. 
110-294.. 
132*363 
164*412 
176*471 
198*629.. 


27-674 
66-147.. 
82-721 
110*294.. 
187-868 
166-441 . . 
193-016 
220*689 
248-162 


33*088 
66*176.. 
99-266 
132*363 
166*441 
198*629.. 
231*618 
264-706 
297-794 



Q[lie practical use of this Table will be sufficiently seen from the 
following example. 

4. Hequired the number of bricks necessary to build a wall 2} bricks 
uiick, the superficial area of the face of the wall being 2346 feet ? 

Number of bricks for 2000 sq. ft. = 1000 times \ __ rKw.7 

the number for 2 sq. ft | — 0014/ 

Number of bricks for 300 sq. ft. = 100 times ) QQ.70 1 

the number for 3 sq. ft / — ^^'^ ^ 

Number of bricks for 40 sq. ft. = 10 times ) n no 0.1 

the number for 4 sq. ft / — iiuz-y* 

Number of bricks for 6 sq. ft. = 6 times ) ^cc aa 

the number for 1 sq. ft /= ^^^*** 

The number of bricks required = 64687-48 

Hence 64688 bricks will be necessary. 

NoTB. — Brick and mortar work is frequently estimated not by the 
square rod or perch, which is a square surface of brickwork 16} feet 
each way and 1} bricks thick, but by what is called the " standard 
perch," which is a mass of brickwork, in surface 16J feet by 1 foot, and 
(bricks and mortar) 14 inches thick. The cubic contents of the 
standard perch are therefore 16} ft. X 1 X 1} = 19} cubic feet, and 
consequently by this number must the cubic contents of the brick- 
work be divided to get the number of standard perches in it. If, how- 
ever, the work be a brick and a half thick, that is (including the 
mortar joint), 14 inches, then it will be sufficient to compute the surface 
ojify- of the brickwork^ and to divide the result by 16}yinstead of by 19}; 
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because in finding the cuUo contents we should multiply by 14 inches, 
or 1^ ft., and then afterwards divide by 164 X li : it is bstter therefore 
to omit the li both as multiplier and aivisor. We thus have the 
following Rule to find the number of ** standard perches '' in a piece of 
brickwork. 



Problem 2. 
To find the number of standard perches in apiece of brickwork, 

EuLE — 1. WTien the work is 14 inches thick. Find the 
number of square feet in the surface, and divide that num- 
ber by 16^; the result will be fhe number of standard 
perches. 

2. JFhen the work is of any other thickness. Find the 
number of cubic feet in the entire mass, and divide by 19^; 
the result will be the number of standard perches. 

Examples. 

1. How many standard perches of brickwork are there in a wall 40 ft. 
long, 10} ft. high, and 14 in. thick ? 

40 
]6|) 420 sq. ft. of surface. 

26}$ = 25^ standard perches. Ans. 



2. How many standard perches of brickwork are there in the front 
wall of a house 25 ft. wide, 30 ft. high, and 18 in. thick ; the 
foUowiiu^ openings (or " opes," as workmen call them) being 
deducted, — ^namely, — 

2 windows 5 ft. by 3} ft. = 35 sq. ft. 
2 „ 6 ft. by 4 ft. = 48 „ 
2 „ 4} ft. by 3 ft. = 27 „ 
1 door 7 ft. by 3} ft. = 24} 



>» 



Total deduction for " opes " = 134} sq. ft. 



One of the three dimensions to be multiplied together, namely, the 
1} ft. of thickness, we shall replace by the number 6, which is 4 times 
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I}. By so doing we shall simplify the work, replacing the divisor 19^ 
^y 77, which is 4 times 19| : the calculation will then stand as 
follows : — 

25 X 30 = 760 sq. ft. of wall. 
Deduct 134J for "opes." 

615} sq. ft. of actual brickwork. 
6 =: 4 times 1}. 



4 times 19^ = 77) 3693 (47ft standard perches. 

308 



613 
539 



74 

It thus appears that there are 48 standard perches of brickwork, rery 
nearly. 

It should be mentioned that the mass of brickwork in an Irish perch 
differs from that in a standard perch. The linear measure of the 
Irish perch is 7 yards, instead of 6^ yards; and the Iri£di perch of 
brickwork is 21 ft. X 1 X li = 24} cubic ft., per Irish perch. 

3. How many Irish perches of brickwork are there in a wall 60 feet 

long, 8 ft. 4 in. high, and 18 in. thick? 

[To avoid fractions, we shall multiply tHe thickness 
(1 J ft.) by 2, and also the divisor 24J by 2.] 

8} X 60 = 500; and 3 times this is 1500; then 49)1500(3a;} 
so that the wall contains 30f$ Irish perches; that is, 30f Ixiflh 
perches very nearly. 

4. A piece of brickwork is 66 ft. long, 20 ft. 6 in. high, and 28 in. 

thick : required 1st, the number of standard perches in it ; and 
2nd, the number of Irish perches ? 

Ans. 164 standard, and 128f Irish perches. 

Note. — A standard perch of brickwork is to an Irish perch as 11 is 
to 14 ; and in this proportion is the number of Irish to l^e number of 
standard perches in any piece of brickwork. 

[Although a standard, whether of measurement or of 

anything else, ought to be fixed and definite, yet builders 

recognize two standard perches of brickwork ; namely, l^e 

standard perch for 14-inch work, and the standard perch for 

P'inchwork ; the superficial dimensions, that is, the area of 
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the face of the brickwork, being the same in both, 16^ sq. 
feet. The standard perch of 9-inch work contains 

16i X !%• = 16i X I = 12f cubic feet ; 

60 that allowing 9 inches for the standard thickness, the 
number of cubic feet in the wall must be divided by 12? to 
get the number of standard perches, of that thickness. It 
is easy to see that 14 in. : 9 : : 19^ : 12i^; as it ought 
to be.] 



m. — ^Masons' Woek. 



The calculations required for the measurement of masonry 
are so much like those for bricklayer's work, that but little 
in addition to what has been explained in the preceding 
article need be said here. As in brickwork, so in masonry, 
the material and workmanship are estimated either by the 
superficial foot, the cubic foot or yard, or the standard 
perch. This last measure however differs from that em- 
ployed in brickwork : the standard perch for masonry being 
16i ft. X 1 ft. X H ft. =24J cubic feet*; and for the 
Irish perch, 21 ft. X 1 ft. X H ft. = 31i cubic feet. 

About 16 cubic feet of Portland stone weigh one ton; 
about 17 of Bath stone ; 13^ of Granite ; and, at a medium, 
13 of Marble. 

As the cubic contents of every rectangular mass, of what- 
ever material, are computed in one uniform manner, namely 
by multiplying the three dimensions — ^length, breadth and 
thickness — ^together, special rules for the purpose in the 
case of stone would be unnecessary : the method of proceed- 
ing will sufficiently appear from the subjoined examples. 
We may observe here, however, that in computing the 
superficial workmanship the dimensions are taken by 
pressing the measuring tape or string in and around every 
place miich the tool touches. It is by superficial measure 
that chimney-pieces, pavements, and slabs are estimated. 

* NoTB. — In some localities the standard perch is 18 ft. X 1 ft. 
X 1 J ft. = 27 c. ft. 
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1. How many cubic feet are there in a stone block which is 6 ft. 8 in. 

long, 5 ft. 6 in. broad, and 4 ft. 4 in. thick ? 

We see that if we were to multiply the first and 
third of these dimensions, each by 3, we should get 
for results feet only without odd mches : the second 
dimension ^nll also be free &om odd inches by multi- 
plying it by 2. We shall therefore for simplicity of 
work use these multiples of the given dimensions, and 

then compensate for the change by diyiding the final 

product fy3X3x2 = 18: the work wm then be 2)2860 

as here annexed. The result shows that the cubic 

contents of the block are 159 cubic feet, within ^th ot^)l^^O 
a cubic foot. 

By using suitable multiples of the given dimensions 1^^ cubic ft. 

computations of this kind may often be abridged in a 

similar manner ; but even here, the greatest possible reduction of work 
has not been effected : for since the second of the given dimensions 
becomes freed from odd inches, by whatever even number we multiply 
it, and because 3 times the first dunension are an even number feet. 
of feet, namely, 20, our purpose will be accomplished by 5^ 
multiplying the other two dimensions, each by 3, leaving the 20 
second dimension as it is, and then dividing the result by 9. In ^TT^ 
this way the work stands as in the margm. Expedients for ^3 

abridging the computation, in any such case, are not to be 

sought for by any long study or examination of the given 9)1430 
dimensions, but only when they suggest themselves intuitively -»g 
upon a slight inspection of those dimensions. ^^^^ 

2. How many standard perches of stone-masonry are there in a wall 

60 ft. long, 10 ft. 3 in. high, and 1 ft. 4 in. thick P 
Using these dimensions as they are, we shall have to divide the 
product of them by 24} ; but by multiplying the |^^ 

second dimension by 4, and this divisor also by 4, we 41 

get rid, at once, of the fraction in this latter, and also 50 

of the odd inches in 10 ft. 3 in., that is, the second 

dimension becomes 41 ft., and the divisor 99, and 2050 
the work is reduced to that in the margin. It is r^idily 11 

seen that the fraction -^ is J5| = f nearly : hence r~" 

there are 27J standard perches in the wall, nearly. 683} 

Instead of multiplying by 1 J, as here, we might have 

used the number 4, which is 3 times as great; and 99) 2733} (271t} 

then have divided by 297 instead of by 99. 198 

The computer will find it useful, for the purpose of — -^ 

shortening nis figure-work, always to recollect that 753 

he is at liberty to take the double, treble, &c., of any 693 

dimension, provided he take the half, third, &c., of -^— 

one of tiie other dimensions ; or, leaving both these 60} 

jmcboDged, provided he also take the double, treble, 
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&c., of the diyiflor. He maj alao take the half, third, &c.) of either 
dimension, proyided he take the same fraction, half, third, &c., of the 
divisor. The following is an illnstratiTe example. 

3. How many cabic yards of stone-masonry are there in a wall 

114 ft. long, 10 ft. high, and 18 in. thick ? 

Here we foresee that we shall have to divide the product of these 
dimensions by 27, — the number of cubic feet in a yard : feet, 
we shall therefore first double the 18 in., regarding it as 1 14 
3 feet, and then halve the 10 feet, re^;arding it as 5 ft. 5 

We shall then omit the multiplication by the 3 feet 

altogether, and use for divisor only the third part of 27, 9) 570 

namely, 9; as in the annexed calculation, showing the 

cubic contents of the masonry to be 63)- yards. We may 63| yds. 

observe that the above changes in the given dimensions 

are suggested by simply glancing at them. 

4. In a chimney-piece the lengths of the mantel and slab are each 

4 ft. 6 in., iSjLe breadth of both together, 3 ft. 2 in. ; the length 
of each jamb 4 ft. 4 in., and the breadth of bolli together, 
1 ft. 9 in. Bequired the sux>erficial contents of the whole P 

ft. in. ft. in. 

4 6 4 4 

3 2 19 



13 6 4 4 

9 3 3 



14 Ft. 3* added to 7 Ft. 7' = 21f sq. ft. Ans. 



IV. — Plastebers', Painters', and Paviors' Work. 

Plasterers' work is estimated either by the square yard, 
or by the square of 100 square feet. Cornices and mould- 
ings, put on after the common plastering is finished, are 
generally estimated by the linear foot. 

Painters compute their work by the square yard, and 
every part is measured which the brush passes over, the 
measuring tape being pressed into all cavities and closely 
applied to all mouldings. 

Paviors' work is usually estimated by the square yard. 

Examples. 

1. The compass of a room is 69 ft. 4 in., and the height of it 10 ft. 
3 in. : what will be the expense of plastering the walls at 9d. 
per square yard ? 
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The calculation annexed shows that the number of square 't. 
feet of plastering is 710 sq. ft. and i^ of a sq. ft ; that is, it ^^ 
is 7 10 J sq. ft. To bring this into sq. yds. we should have to 



10 



in. 
4 
3 



divide it by 9 ; but since, at 9d, per sq. yd., we should have 693 4 

afterwards to multiply by 9, we may dispense with both opera- J7 4 

tions, and regard the result just arrived at as 710| pence, 716F. 8* 

which is 595. 2^. = £2 195. 2J^. 



2. A room whose height, girt over with mouldings, is 16 ft. 6 in, is 

97 ft. 9 in. in comjmss : how many sq. yds. of 
painters' work will it require ? 

We shall here take twice the first dimension and 
4 times the second, and then divide the resulting 
sq. ft. by 9 X 8 = 72. The number of sq. yds. is 
thus found.to be 179^ = 179^, or I79i Yards fall. 

3. Required the quantity of plastering and ceiling 

in a room 14 feet 5 in. b^ 13 ft. 2 in., the 
height, up to the imder side of the cornice, 
being 9 ft. 3 in. The cornice girts 8 J in., and 
projects 5 in. from the wall, at the upper part, 
next the ceiling. The deductions for apertures 
are as follows :— one door, 7 ft. by 4 ft., two 
windows, each 5 ft by 3 J ft., and a fireplace, 
6 J ft. by 4 ft. 



feet. 
391 
33 

1173 
1173 

72) 12903 (1797,V 
72 

570 
504 

663 
648 

15 



1st. For the walls. 

ft. in. 
Length + breadth 27 7 
Height 9 3 



Deductions, 
Two windows 5 X 7 = 35 
One door 7 X 4 = 28 
Fireplace 6J X 4 = 22 

85 



248 3 
6 10 9 



255 



1 9 
2 



510 3 6 
85 (Subtract.) 



9)425 3 6 



Sq. yds. of plastering 47 Yds. 2 J Ft. 6 In. 



[The 255 Ft. 1 9 are multiplied by 2, because this is the 
measure oi only one side-wall and one end-waU.] 
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2nd. For the ceiling, 
ft. in. 
14 ft. 5 in. minufl 10 in. =: 13 7 
13 ft. 2 in. minoi 10 in. = 12 4 



163 
4 6 



9) 167 6 4 
Sq. yds. of ceiling 18 Yds. 6J Ft. 4 In. 



3rd. For the cornice. 



ft. 


in. 




ft. 


in. 


27 


7 




27 


7 





8J 


Or thus : 


1 


5 



19 6i llj 27 7 

2 11 5 11 



Sq. ft. of cornice 39 11 39 11 

Hence the superficial measure of the four lengths of cornice is 
39 sq. ft. 11 sq. in. In the second method of computing this we have 
taken twice the 8} inches, in anticipation of the final miiltiplication by 
2, and have thus rendered the computation a little easier. 

Suppose the common plastering of the walls (rendering, as it is called) 
cost lOd. per sq. yd. ; the ceiling Is. Sd. ; and the cornices Is. 4d. per 
sq. ft. ; the account for the above would be as follows. 

£ 

Rendering 471 yds., at lOd. ... 1 

Ceiling 18Hyds., „ 20d. ... 1 

Cornice 39^ Ft., „ l^d. ... 2 



8. 


d. 


19 


4; 


11 


o| 


12 


1^ 



Total cost ... £6 2«. 6d. 



The foregoing worked examples sufficiently exhibit the methods of 
computation, whetiier the work be plastering, painting, or paving ; so 
that the reader can have no difficulty in calculating the foUowing for 
himself. 

4. What will be the charge for plastering a partition 7 ft. 8 in. by 

10 ft. 3 in., at 5d. per sq. yd., deducting for a door 6 ft. 3 in. bv 

2 ft. 10 in. ? Ans. 2s. d^d. 

5. What would be the cost of painting and graining four doors on 

botii sides, of which the dunensions of each are 7 ft. 4| in. by 

3 ft. 8| in. — the charge for the work being Is. Sd. per sq. yd. ? 

Ans. £2 Os. 9d. 
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6. What will be the expense of paving a rectangular court-yaid, 
which measures 62 ft. 7 in. by 44 ft. 5 in., and throujrh which 
there is to be laid a footpath along the whole length of it, 5} ft. 
wide : tho f ooti>ath to oe paved with flagstones, at 3«. per sq. 
yd., and the rest with pebbles, at 28, 6d. per sq. yd. P 
Ans. £39 lU. S^ef. 



As the computation of the number of square feet, square 
yards, &c., in any surface, must be just tifie same, whether 
that surface be of plaster, paint, glass, or paper, &c., it would 
be superfluous, alter what has now been done, to extend 
these articles to the special consideration of window-glazing 
or room-papering : it will be sufficient merely to mention 
the following particulars in reference to these. 

Glazing, — The dimensions are taken in feet and inches, 
and the work is computed in square feet ; the dimensions 
for a window are the entire length and width, the cross-bars, 
separating the panes, being included in the measurement ; 
if the window be circular, or oval, the dimensions are taken 
just as if it were square, or rectangular ; that is, the greatest 
length and breadth are regarded as the dimensions, for 
although the quantity of glass actually used, in gla.zing such 
a window, is less than the computation assigns to it, yet the 
extra waste and trouble justify the extra charge. 

Boom-papering is generally estimated by the square of 100 
superficial feet. It is purchased, and laid on, in slips, 
commonly of 21 inches wide ; a complete slip, or piece, is 
1 2 yards long. The length of this paper, for 1 square yard, 
is 5f ft., because 5^ x 21 = 108; and as the 21 here is the 
nimiber of inches and not of feet, we must divide the 108 
by 12, to get the nimiber of square feet; the result being 
9 sq. ft. = 1 sq. yd. And from thus knowing the length 
of paper for 9 square feet, we c€m readily find the length 
for 100 square feet (a square) thus ; 9 : 100 : : 5f ft. : 57| 
ft. = 19-5^1- yds. ; so that one dozen (12 yards) and 7 yards 
of paper, 21 inches wide, will very nearly cover a square; 
the deficiency being only f of a foot, or less than an inch 
and three-quarters lengtii of paper. 

In a similar manner it will be f oimd that a dozen of paper, 
21 inches wide, will cover exactly a space of 7 sq. yds. 

It may be worth while to remind iJie reader here that, 
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in actually working out the proportions just mentioned, and 
indeed, in working out any proportion, the first and third 
terms, as also the first and second, may always be multi- 
plied or divided by any number we please, without the 
result being afPected ; and that by taking advantage of this 
circumstance, any fraction in the stating may aWays be 
removed : thus, multiplying the first and third terms, in 
the stating above, by 7, it is converted into the more 
convenient form : 

63 : 100 : : 36 ft. : 57+ ft. = 19^ yds. 

So likewise in the second proportion alluded to for find- 
ing the space which a single dozen of paper will cover, the 
stating 5+ ft. : 86 ft. (12 yds.) : : 1 Yd. : 7 Yds., becomes 
36 : 36 X 7 : : 1 Yd. : 7 Yds. Or, rather, dividing by the 
36, 1 : 7 : : 1 Yd. : 7 Yds. 

And these changes, suggested by the above-mentioned 
general principle, may be at once made, without writing 
down the original nimibers (as here) at all. 

"We may add, however, that the last result above (7 Yds.) 
may be readily deduced independently of proportion ; for 
the number of square yards in a piece 12 yards long and 
21 inches wide is 21 times 12, divided first by 12, to bring 
the inches to feet, and then by 3, to bring these feet to 
yards; and since the division by 12 neutrauizes the multi- 
plication by 1 2, we have only to divide the 2 1 by 3, giving for 
result 7 Yds. And in reference to the first proportion, 63 
and 36, by the principle before named, might be 7) 400 

replaced by 7 and 4, the work then being simply 

that here annexed ; and by thus rejecting factors, ^7+ 
common to a multiplier and divisor, figure- work may """" 
always be saved. 



Calculation of Wages. 

Peoblem 1. 

Knowing the daily wages, or pay j to find the yea/rly salary, 

Bitle I. Begard the pence as so many pounds ; add to 
this sum the haJi of it and also five days' wages. 
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Examples. 

1. What will 16f rf. per day amount to in a year ? 

£ M, d, 

£16} = 15 15 

The half = 7 17 6 

Pay for 5 day8= 6 6| 

£23 19«. Ofe^. Ana, 

By taking the pence for pounds, we virtually multiply the 
daily pay by 240 ; that is, we get the pay for 240 days ; the 
half of "diis is the pay for 120 days ; and therefore the two 
added together, with 5 days' pay besides, gives the pay for 
365 days. 

Rule II. — ^Multiply £1 10«. bd. by the number of pence 
per day : the product will be the amount in 1 year ; because 
£1 I0«. 5<?. is equal to 365 pence. [This is a very con- 
venient Rule when the daily pay is free from odd farthings.] 

2. "What will 5d, per day amount to in a year ? « 

By Rule I. By Rule II. 

£ $. d. £ a, d. 

6 1 10 6 

2 10 5 

2 1 

£7 12«. Id, 



Ana. £7 12«. 1^. 



3. 'V\Tiat will 18J<f. per day amount to in a year P Ana, £27 15*. 1J<?. 

4. What will \Qd. per day amount to in a year ? Ana, £24 6». %d, 

5. What will Z\d. per day amount to in a year P Ana, £5 6». 5^. 

Note. — ^When the pay is only for the ordinary working days, thatis, 
when it is stopped for the 52 Sundays, j^or Good Friday, and for 
Christmas Day, only 311 days are paid for in a year« The amount, at 
\d, a day, is therefore £1 5a, l\d, ; and, at a farthing a day, it is 6«. W. 
Consequently, the Rule will then be this : Multiply £1 ba, lid, by the 
number of x>ence per day, and 6«. b%d, by the number of additional 
farthings, and add the results ; thus : — 

6. What will be the amount of 3|<f. per day for 311 days ? 

£ ». d, 

I 5 11 
4 



5 3 8 
Subtract 6 5} for 311 days at \d, 

£4 17*. 2\d, Ana, 
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Or thus : £ «. d. 

1 6 11 
3 



3 17 9 
Add 19 5^ =: 3 times 6«. 5}^. 

£4 17«. 2id. Ans, 

7. At 14rf. per day, what will ho tho amount in 311 days ? 

Ans, £18 28, lOd, 

8. If a workman's wages he 6«. 10^. per day, what is Ids yearly 

Income ? Ans, £90 149. 2d, 

Problem 2. (Converse of Peob. 1.) 
Kwnping the yearly salary, to find the pay per day, 

Btile. — Begard the pounds in the salary as so many 

fence, and consider the shillings, when 10«. or more, as ^d.y 
ut when less than 10«., reject them. Multiply these pence 
by 2, and divide the product by 3, observing to allow ^d. 
should there be 1 for remainder, and ^d, if the remainder be 
2 ; the result will be the daily income nearly, if not to the 
nearest farthing. 
Note. — The year is here the whole 365 days. 

Examples. 

1. If a servant's wages he £24 a year, what is his daily pay ? 

2^d, X 2 -f- 3 = 8<f. X 2 = 16rf., to the nearest farthing. 

2. If the yearly wages he 26 g^uineas, what is the pay per dav ? 

21d, X2-r3=9£f. X2 = 18<?., to the nearest farthing'. 

3. If the yearly wages he £23 15«., what is the pay per day r* 

2Z\d, X 2 -f- 3 = 47<?. -r 3= 16f<f., to the nearest farthing. 

4. If the yearly income he £150, what is the amount per day ? 

150<f. X 2 -f- 3 = 100<?. = 8*. id, nearly. 

The foregoing Rule is suggested by the following con- 
siderations. If the year consisted of only 360 days instead 
of 365, then, by dividing the salary by 360, we should get 
the daily pay. Now if the salary expressed in pounds be 
regarded as so many pence, it becomes virtually divided by 
20 X 12 = 240 ; so that the salary is 240 times this number 
of pence ; but multiplying anything by 240, and then dividing 
by 360, is the same as multiplying by 2, and then dividing 
by 3 ; and hence by proceeding in this way, the 360th part 
of the salary will be accurately determined. And since tiie 

I 2 
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difference between the 360th port and the 365th part of a 
comparativelf small Bum U bat triflings — bein^ only Hie 
■ivA-TT part of the whole, which is bat a farthmg in £28 
— ^it followa that, foTanincomenotexceeding£27, the error 
cannot be bo great aa a farthing ; and it is always in excees. 
If a few shillings — say 5s. — be dedacted from the yearly 
income, thie excess wiU be pretty nearly coanterbalanced ; 
for then there will be deducted from the daily pay ^Jj*., 
about 3 of a farthing. For an income much above the limit 
(£28) this deduction will be insufficient; and to avoid division 
into cases, and likewise to preclude a fractional remainder, 
from the divisor 3, the RTile recommends, generally, that if 
the shiUingB connected with the pounds, in the income, be 
fewer than 1D«., they should he rejected, as also the overplus 
above 10s. As the Sule is professedly only (in most cases) 
a close approximation to the strict truth, and as, from its 
simplicity, it is so easily worked mentally, it is retained in 
this edition. We merely caution the reader that it is not t^ 
be relied upon, within a halfpenny or penny of the truth, for 
incomes yielding several shillings per day. Thus, take the 
yearly income at £160; the Table below shows that, to the 
nearest farthing, the daily pay ia 8a. 2^. ; we have seen 
above (Ex. 4) that the Bule makes it 8«. 4^., which is Hd. 
too much. On the whole, when the daily payment is to be 
found with greater exactness, we recommend recourse to the 
subjoined Table. 

"Wages. 

Table ofsalarieB, ete.,from £1 to £150 per annum, reiueed to 

much per month, per week, per day.* 



Y. 


1T,M 


Pr.W. IT. D, 


Y, 


Pr, M. 


MV.IVB 


Y. 


Pr.M. 


Pr.W. Pr.B.| 










J 


8Mi! 


i 




mr.^ 


38 
























i 


S 


1 11 , si 


ft 


1 B 






6ia 8 


I'.hf 






Vdi\ 






iiSS 


B 






W 


lb H 










M 




! 17 Bi a 3 




>Ili — 




ife'l 


.r day . 




or J 


ear. 
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We shall now show the use of this Table by applying it 
to the Examples worked by the Eule (p. 171). 

Ex. 1. Ex. 2. Ex. 3. 

per day. 



For £20 
„ ^4 

„ £24 


U, Ud. 
Is. id. 


For £20 1*. lid. 
,, £ 7 4l 
es. (Note) { 


For £20 Is. l^d. 

„ £ 3 2 

16*. (Note) J 


Is. 6d. 


1*. Z^d. 







We thus see that for such small incomes as these, the 
Eule is sufficiently accurate ; but, as already shown, for an 
income of £150 it errs in excess by 1 Jt?. 

As another Example, let us take an income of £40. 

By the Rule. By the Table. 

3) SOd. For £40 2*. 2^. 

26f «?. = 2s. 2ld. The difference here is Id. 

If the income had been £100, the difference would have been one 
penny. 

In concluding ihese remarks, it may be as weU to observe 
that the reason why the Eule directs that when the remainder, 
from the division by 3, is 1, a farthing should be allowed for 
it, but that when it is 2, three f arthmgs should be allowed, 
is because \d. = ^. = 1/. and \f. ; and ^d. = |/. = 3/ all 

butt/: 

Problem 3. 

The number of shillings in a weeh^s earnings being given, to find 

the ea/rningsper year. 

ExTLE. — Add together 2 J times as many pounds as there 
are shillings, and twice the shillings themselves : the result 
will be the earnings for the year. 

For 20 times the number of shillings make so many 
pounds, and these pounds are the earnings of 20 weeks ; so 
that 2 J times this sum must be the earnings of 50 weeks ; 
and twice one week's earnings being added, the result must 
be the earnings in a year. 

Examples. 

1. A year's earnings, at ll^. a week, are £11 X 2^ 4- 22«. =± £28 12^. 

2. A year's earnings, at I60. a week, are £16 X 2^ 4" ^^^* =^ ^^^ 12'* 
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3. A year's eaniiDgs, at ISs. 6d, aweek,are £18( X H + 37«. = £37 

4-£9 69.4-£l 17«. = £482«. Oitkma: Since 62d.=zis.4d.,ire 
nave only to add six times this, namely, £1 6«., to the yeai^s 
income at ISs. per week : so tiiat the work may stand as f oEows, 
namely,£18XH + ^l 16«. + £1 6«. = £454-£3 2«. = £482«. 
And in this manner we may always proceed wnen there are odd 
pence in the week's wages. 

4. How much is earned in a year, at the rate of 16« lOd, per week ? 

Ans. £43 lbs. 4d. 
6. Ha, family spend, on the average, 7s, ^d, per week for bread, what 

is the expenditure per year ? Ana. £18 19«. 2d, 
6. What is the yearly income of a person who earns £2 17«. S^d. per 

week P Ana, £149 19^. 9d. 

[Seethe Table, in wliich the weekly pay, for £150 a year, 
is stated to be the above siun, and allowably so ; because 
the overplus 3d,, divided by 52, gives a fraction too small 
for representation as money.] 



Calculation of Intekest. 

Problem 1. 

To find the interest of any sum of money ^ at five per cent, per 

annum, 

EuLE. — Begard the pounds as so many shillings, and 
allow at the rate of threepence for every additional bz, ; 
and, consequently, one farthing for every bd. The interest, 
at 5 per cent., will then be expressed. 

Examples. 

1. The interest, for one year, on £75, at 5 per cent., is 75«. =: £3 15«. 

2. The interest, for one year, on £1 10, at 6 per cent., is 1 10*. =£5 10*. 

3. The interest, for one year, on £69 15«.,at 5 per cent., is 69«. 9d. = 

£3 9«. 9<f. 

4. What is the interest on £587 I69. 4<^., for 7 years at 5 per cent. ? 

[The interest of a sum for 7 years is, of course, the interest 
of 7 times that sum for one year.] 

£ 8. d. 
687 16 4 

7 d, 

Interest for lbs, z= 9 

2,0) 411,4 14 4 „ „ 10rf.= J Subtract 

£205 14». 8J<f. ,^ ioTUs, 2d,=.^d, 
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Here £4114 are regarded as so many shillinf^s, and are therefore 
divided by 20, to bring them into pounds. The mterest for 14«. 2d. is 
then found separately, according to the Bnle : the interest for the 
additional 2d,y bdng less than half a farthing, is disregarded. Of 
conrse the work for the 14«. 2d. may be readily executed mentally, and 
the resulting S^d, annexed at once to the £205 14«. 

5. What is the interest on £26 00., for 1 year, at 5 per cent. P 

Ans. £1 68. dd. 

6. What is the interest on £47 IO9., for 1 year, at 5 per cent. ? 

Arts. £2 Is, 6d. 

7. What is the interest on £9826 130. Sd.y for 1 year, at 5 per cent. ? 

Arts. £491 6s, Sd. 



P&OBLEIC 2. 

To find the interest at any rate per cent, per annum. 

EuLE I. — ^Find the mterest at 5 per cent, by the last 
problem : one-fifth of this will be the interest at 1 per cent. ; 
and this, multiplied by the given rate, wiU give the interest 
at that rate. But for certain rates the calculation may be 
abbreviated by taking parts, as in the third of the following 
Examples. 

Examples. 

1. What is the interest on £587 16«. 4(f., for 7 years, at 3 percent., at 
4 per cent., and at 6 per cent. ? 

£ «. <2. £ a. d, 

587 16 4 205 14 84, 5 percent. 

7 years 41 2 ll|, 1 „ 



2,0) 


411,4 


14 


4 










164 
246 


11 
17 


9: 

7: 


,4 
.6 


w 
ft 


3) 


205 


14 


8J, 


5 per 


cent. 


{See 


last 


poffe.) 











3 X 41 2 lU, 1 percent. 
= 123 8 9| , 3 per cent. 

In the calculation for 4 and 6 per cent., the interest at 1 per cent, is 
subtracted for the former rate, and added for the latter rate. 

Note. — It is generally preferable to multiply hy the number of years 
first, as above, smce then there will never be any fraction of a penny to 
multiply. 
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2. What is the interest on £212 10«. id., for 2| years, at 2^ percent. ? 

£ 8. d. 
4) 212 10 4 

3 years. [2} = 3 - J.] 

637 11 
Subtract 63 2 7 



2,0) 68,4 8 6 



2) 29 4 6 := Interest at 5 per cent. 



Ans, £14 12«. 2Jrf. = „ 2J 



>> 



3. What is the interest on £500, for 4 years, at £5 78. 6d. per cent ? 
Instead of multiplying the 600 hy 4, and then dividing by 20, we 
shall divide simply by 5, rejecting the factor 4 from both multiplier 
and divisor. 

£ 
100 = Interest for 4 years, at 5 per cent. 
20th part of £100 = 5 „ 5». „ 

i of the above = 2 10«. „ 2*. 6rf. „ 

Am. £107 10«. „ £6 7«. 6d. „ I 

1. What is the interest on £896, for 2 J years, at 3 J per cent. ? 

£ £ 

896 896 

2J years. Or thus : 2^ 



1792 
448 

2,0) 224,0 

6) 112 £ — Int. at 5 per cent. 

£22 8*. „ 1 „ 
3^ the rate 


1792 
448 

4) 2240 
H 

6720 
560 


£72,80 
20 

16,00 


67 4 
For the J 6 12 


Alls. £72 16s. Int. at 3 J ,, 



The first of these methods admits of being considerably shortened, in 
consequence of the number of years being 2J. If we take double this 
number, there will be first a multiplication by 5, and afterwards a 
division by 5, — two neutralizing operations. We may therefore suppress 
both ; so that we shall get tiie interest, at 1 per cent, by smiply 
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dividing £896 by the double of 20, seeing that 2^ has been doubled ; 
that is, the work for the 1 per cent, will be merely this : 

£896 -r 40 = £22f = £22 8*. 

In the second method, instead of dividing by 20 and 5, and then multi- 
plying by 3^, we have first multiplied by 3J, and have then divided b^ 
100, which is the same as dividing by 20 and 5 in succession. This 
second method is in accordance with the following general Bule. 

Etjub n. — ^Multiply the principal by tlie number of years, 
the product by the rate, and divide the result by 100. Or 
multiply the principal by the product of the rate and number 
of years, and!^ divide the result by 100. 

Note. — 1. If the product of the rate and number of years should 
be 10 (as in Ex. 2 following), then instead of multiplying by this 10, 
and afterwards dividing by 100, we should omit the multiplication 
altogether, and merely diviae the principal by 10. 

2. And if the product of the rate and number of years should be 20 
(as in Ex. 4), then the multiplication by the 20 should, in like maimer, 
be omitted", and the principal be divided by 5 only. In the former case, 
the factor 10 is suppressed in both multiplier and divisor, and in the 
latter case, the factor 20. 

It should ever be present to the mind of the computer that, in any 
calculation whatever, factors common to a multiplier and a divisor 
may always be discarded, however far apart these two operations 
of multiplication and division may be, provided that no operations, 
except those of multiplication and division, intervene. 

Examples. 

1. What is the interest of £687 16a. 4^., at 6 per cent., for 7 years ? 
(Ex. 1, p. 175.) 

£ «. d. 
587 16 4 
7 years. 

4114 14 4 

6, the rate. 



246,88 6 
20 



17,66 
12 

7,92 Ans. £246 17*. 7}rf. ; or more 
4 nearly, £246 17*. Sd. 



3,68 

Whether this Rule or the former one be the more eligible, in any 
particular case, must be left to the computer to determine. It may be 
well for the reader to work the following examples by both Kules, 
keeping in remembrance, however, the foregoing Kote. 

I 3 
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2. What is the interest on £765 12«. 7d,f for 4 years, at 2} percent. P 

Ans, £76 Us. Sd, 

3. What is the interest on £78 12«. I0d,f for 12} years, at 1 per cent. ? 

Ana, £9 16*. 7id, 

4. What is the interest on £325 78. 6d.y for 3} years, at 6 per cent. ? 

Ana. £65 U. 6d. 

5. What is the interest on £193 129., for 1 year, at £11 18^. 6d. per 

cent. ? Ana. £22 2«. 4^. 

The following short Table may be found useful on many 
occasions. 

Table of the Interest on £1 for 1 year, at from 1 to 10 per cent. 





Interest. 




loterost. 


Per cent. 


8. d. 


Per cent. 


8. d. 


1 . . 


. 2* 


6. . 


. 1 2f 


2. . 


. 41 


7. . 


. 1 41 


3 . . 


. 7J 


8. . 


. 1 n 


4. . 


. 9f 


9 . . 


. 1 9f 


5 . . 


. 1 


10 . . 


. 2 



If it be only borne in mind that the interest of £1 for 
1 year, at 1 per cent., is 2f (?. ; or without any effort of 
memory, if we reduce mentally i^%d.y that is, -Ve?., to 2f <?., 
the interest for 1 year, at any oiier rate per cent., wiU be 
obtained by simply multiplying 2id. by that rate : thus, 
2^d. X 3 = l\d.j the interest of £1, for 1 year, at 3 per 
cent. ; also 2f(?. x 7 = 1». 4t(?., the interest of £1, for 1 
year, at 7 per cent. ; and so on. 

By way of application, let us take Ex. 4, p. 176, the work- 
ing of which will be as follows, the interest being calculated 
first for 3 per cent., and then that for ^ per cent, added. 

896 No of £'s. 
2 J „ years. 

1792 
448 

2240 
{Number from the Table.) 7id. 

15680 
448 



12) 16128rf. 
2,0) 134,4«. 



Jntereat for 2} years, at 3 per cent. £67 4«. 
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But we may work in a preferable maimer, thus 1—2^ X 3 =: 7} ; 
therefore the interest is the same as that for 1 year at 7} per cent. 

The interest of £896, at 5 per cent = £44 16«. 

2J „ = 22 8 



tt 



7J „ =£67 4«. 



And we thus see, in particular cases, that a general Rule may flome- 
times be superseded by a shorter method. 

If one twelfth of this be added to it, the result will be £67 4^. -f- 
£6 12«. = £72 I6s.f the interest at 3J per cent., for 2} years. 

Problem 3. 

To find the interest on any number of pounds y at any rate per 

cent,, for any number of months. 

General Eule. — ^Begard tlie pounds as so many pence ; 
multiply this nimiber, the number of montlis, and the double 
of the rate together ; a tenth part of the product will be the 
interest in pence. 

[We recommend taking twice the rate, and dividing by 
10, rather than taking the rate itself, and dividing by 5, for 
two reasons : first, by doubling the rate, we get rid of the 
fraction J, should it enter the rate : and, secondly, twice 
the rate can be written down quite as readily as the rate 
itself ; and, easy as division by 5 may be, division by 10 is 
still easier ; in fact division by 10 involves no actual figure- 
work at all. Of course, if seen to be the more convenient, 
we may divide either of the three factors to be multiplied 
together by 10 at the outset, instead of delaying the 
division till their product is obtained ; and it always will 
be the more convenient to do this when either of the factors 
terminates with a cipher, as in Ex. 2, next page.] 

Examples. 

1. What is the interest on £36, for 3 months, at 2^ per cent. ? 

Z6d. X 3 X ^ = ^40 : hence the interest is bid. = 4^. 6^. Ans. 
Or thus : 3a. X 3 X 5 z= 46«. ; and 45«. -f- 10 = 4». 6rf. Ans, 

The reason of the foregoing Eule will appear from the 
following considerations. 

^^^^^ — is the interest for 12 months ; therefore 
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iV of this is the interest for 1 month : but iV is the same 
as -2V0 ; so that instead of dividing the interest for 12 
months by 12, we may divide it by 240, and then multiply 
by 20. Now by writing the pounds as so many pence, we 
do, virtually, divide by 240 ; and the multiplying by 20, 
and dividing by 100 is, in effect, the same as expimging 
the factor 20 in the divisor, 100, thus leaving for divisor 
only 5, and not multiplying at all ; and this divisor, 5, is 
converted into 10 by multiplying it and the nuanerator by 
2; that is, by taking twice the rate. In this way the 
interest for 1 month (meaning by a month the 12th part of 
a year) is the number of pounds in the principal (taken as 
so many pence) multiplied by twice the rate, and the 
product divided by 10 ; and consequently, for any number 
of months, we have only to introduce that number as an 
additional multiplier. And this is the Bule. 

2. What is the interest on £220, for 11 months, at 3 per cent. ? 

Dividing hy 10 first, Is. lOd. X 6 = 11«. ; and 11 times this is 
121«. = £6 Is. Alls. 

3. What is the interest on £246 IZs. id.y for 1 month, at 3 per cent. ? 

13«. id. •=. £J ; and 246f<;. X 6 is 246 sixpences + 4«f. ; that is, 
it is 1229. lOif., the tenth part of which is 12^. 3Jef.,tiie interest 
required. 

4. What is thq interest on £144 I65., for 9 months, at 6 per cent. ? 

lbs. =z £|; and 1441^. X 9 X 10 -f- 10 = 12«. 0}<f. X 9 = 
£6 8«. 6|ef. Ans. 

[The 12«. Old, might be written at once from mere inspec- 
tion of the principcd.] 

Note. — We see hy this Example, that when the rate is 5 per cent., 
the multiplication hy douhle the rate, and the division hy 10, heing 
operations which neutralize each other, may hoth he omitted : it is 
sufficient to multiply the number of poirnds, taken as so many pence, 
hy the number of months. It is proper to observe that when the 
shillings and pence, connected with the pounds in the principal, do 
not make a convenient fraction of £1, they may he subdivided into 
convenient fractions (none of them being more complicated than £iV» 
without making any error greater than £^^ in the principal ; and this 
extreme error, even when the rate is so great as 10 per cent., and the 
months so many as 11, can cause an error in the interest equal only to 

■^^d. X 11 X 20 -r 10 = Tferf. X 11 X 2 =z §fef., less than ^. 

For instance : BuppoBO the piincipdl in the last Example above had 
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been £144 16«. 7d. Then we nu^d hare BubdiTided the IGf. Id. into 
ld«. + U. 34^. + 4^ = £f 4- £iV + ^ "^ ^^« ^iB««;u^«>^ the 4<t, ai 
haTis^ no aenaible mflnmre on the resulting inlerert : the inlereft, in 
the Example abore, with the fo rgo in g addition of It. 14. to the 
principal, wmild hare to be increaaed by •^. X 9 := iW-9 or one half- 
penny. But leg ar d in g the aiMitinn to be !«. &f., the increase of 
interest would be ^^ x 9 = H- 

The general Ilnle by which the f aregoing Examples have 
been worked, thongh sufficiently easy, becomes still further 
simplified iat the rates 3 per cent., 5 per cent., and 6 per 
cent. In these cases it may be expressed in the three forms 
following. 

1. For 3 per eetU. — Begard the poonds in the principal as 
so many sh&lings ; multiply these by the number of months, 
and diyide by 20. 

It is easy to see how this follows from the Greneral Bide 
at p. 1 79. The double rate here is 6 ; and since the divisor 
is always 10, if we double the multiplier ^6) and double also 
this 10, the pence in the Eule become TirtuaUy so many 
shillings ; and instead of 10, the diyisor becomes 20. 

2. For 5 per cent. — ^Regard the pounds as so many pence ; 
and multiply these by the number of months. TSee Note, 
p. 180.) 

3. For 6 per cent. — ^Begard the pounds as so many shil- 
lings ; multiply these by the number of months, and divide 
the product by 10. [This is an obvious inference from the 
above Bule for 3 per cent.] 

5. What is the interest on £87, for 5 months, at 3| per cent. ? 

Ans, £1 7#. 2\d. 

6. What is the interest on £110, for 9 months, at 5 per cent. ? 

Am. £4 19. ed. 

7. What is the interest on £90, for 8 months, at 6 per cent. ? 

Ans. £3 128. 

8. What is the interest on £619 9$. 6d., for 7 months, at 5} per cent ? 

Ans, £19 17«. 6d. 

Pboblem 4. 

To find the interest on any principal, at any rate per cent,, for 

any number of days. 

The ordinary and obvious Bule for this is— As 365 is to 
the proposed number of days, so is the interest for 1 year 
to the interest required. But, since twice 365 is 730, and 
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Bince, moreover, in finding the interest in the nsual way, 
for 1 year, we have to divide by 100, after multiplying the 
principal by the rate, we may obviouialy proceed as follows. 

BxjLE I. — ^Multiply the product of the principal and twice 
the rate by the number of days, and divide tiie result by 
73000. 

Now in dividing by so large a numiber as this, it is plain 
that a few shillings, more or less, in the dividend, cannot 
cause any appreciable difference in the result ; the 73000th 
part of so much as 10«., is only the 7300th part of 1*., 
which is less than the 608th part of a penny. We may 
therefore safely take the sum, to be divided, to the nearest 
pound only ; increasing the number of pounds by a imit, 
when 10«. and upwards are connected wim the pounds, and 
rejecting the overplus shillings altogether when they 
amount to less than 10«. By so doing, the error in the 
quotient can never be so great as the 608th part of a penny, 
as we have just seen. 

Examples. 

1. What is the interest on £325 7«., for 89 days, £ 

at a per cent. ? 73,000) 260,605 (3je 

£325 7». X 9 = £2928 3«. ; and this multi- ^^'^ 

plied by 89 gives for product £260605 7s.; 4160 ' 
and rejecting the Ts., as of no moment, the ^n 

remainder of the work is that here annexed. 

It thus appears that the interest required is 832,100(11* 

£3 11a. 4}rf. 803 

We have spoken above of the insignificant 

influence, upon the result, of the odd shillings 291 

connected with the pounds to be divided by the 12 

number 73000 ; it may be interesting ana in- 

structive to the reader to test for himself the 349,2 (4<?. 

trifling effect, upon the foregoing result, which 292 

would ensue from increasing the dividend hero 

employed by so much as £120, thus converting it ^72 

into £260725 : he will find that the answer will 4 

differ from that arrived at above by less than one 

halfpenny. ^ ^ 228,8(3/. 

But there is a more expeditious way of ariivin g 219 

at the quotient, in a case of this kmd, than by 

actually dividing by 73000 : it is as follows. 9 

HuLE II. — Conceive the dividend, that is, the product of 
the principal, the double rate, and the number of days, to 
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be diyided by 100000 ; that is, cut off the last five figures 
of it, and then divide by 3 : divide the quo- 
tient by 10, or, which is the same thmg, 
remove the preceding figures each one place 
further to the right ; then divide again by 10, 
in a similar way : the results being in column, 
add all up ; the sum wiU be the quotient ex- 
pressed in pounds. 

The work of the foregoing Example, by 
this Hule, is here annexed: the answer 
brought out is £3 lU, 4id., as before; the 
neglect of the decimals, after the fifth place, 
not affecting even the farthings. 
It may be here noticed, however, that in 
calculations of Interest, the amount to the near- 
est penny is, in general, all that is demanded : 
in the present case the interest charged would be £3 1 1«. 5d. 
We bhall give another worked Example in illustration 
of the foregoing Eule. 

2. What ia the interest on £956 lis, Qd., for 7 days, at 4^ per cent ? 



£ 

3) 2*60605 

•86868 

8686 

868 

£3-57027 
20 

11*40549. 
12 

4'8648<;. 

4 

3-4592/. 



£ 
956 


8. d 
14 6 

9 double the rate. 


3) -60274 

•20091 

2009 


8610 


10 6 

7 No. of days. 


200 




£•82574 


£60273 


ld«. 6d, 


20 




4 /k ^ ^ A C% 






16*5148«. 
12 




e-med. 



The answer is 16^. 6d, And similarly in all other cases in which 
the interest, for the specified number of days, does not exceed £10 ; or 
in which accuracy in the fifth place of figures, in the sum of the four 
numbers added together, is of no moment. We shall see hereafter, p. 1 85 
why accuracy to the nearest farthing cannot be counted upon if the 
interest exceed £10. As far as this limit, as to the interest, Kule II. 
may always be safely depended upon ; and therefore it cannot but be 
acceptable to persons engaged in computations of this kind i^ Sayings 
Banks. 

NoTB. — When the interest is 5 percent., then since, in this case, the 
double of the rate is 10, we need multiply only by the number of days, 
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and point o£f but four places of figures from the result, instead of five ; 
and whenever the dividend happens to be so small as not to have so 
many figures as it is necessary to point off, we must prefix to it as many 
ciphers as will suffice to make up the required nimiber of places. 

3. What is the interest on £37»5, for 12 days, at 3 J per cent. P 

Ans, 8«. 6ef. 

4. What is the interest on £370, for 40 days, at 6 per cent. ? 

Ans, £2 08. 6d. 

5. What is the interest on £3204 14«., for 37 days, at 5 per cent. ? 

Am. £16 48. lOd, 

6. What is the interest on £950, for 80 days, at 7 per cent. ? 

An8. £14 ll8. 6d. 

[In the foregoing Examples the interest is determined to 
the nearest penny. It may be satisfactory to the reader to 
work Examples 5 and 6 by both Rules.] 

It remains for us now to explain the principle upon which 
the foregoing easy and expeditious method of computmg 
the interest for a specified number of days is founded. 

In every operation of Division, we know that when the 
complete quotient is obtained, the product of this quotient 
and the divisor will give the dividend ; that is to say, that 
there will always be the following equality, viz., Quotient 
X Divisor = Dividend. And further, that by whatever 
nimiber we divide both divisor and dividend, before actutdly 
employing them as such, the quotient wiU remain just the 
same. 

Suppose, in the case before us, that we in this 3) -73000 
way reduce the divisor 73000, more and more, by -24333 
successively dividing it by 100000, 3, 10, and 10, !2q1|| 
as in the annexed operation ; the division by the ' ■ 

number 100000 reducing the whole number 73000 i-oooi 

to the decimal '73000, the superfluous ciphers here 

being retained merely for symmetry sake. Then .^^' J^, 
provided we reduce the dividend in exactly the tinued&iter^ 
same way, we know, from the general principle "^^^'y* 
stated above, that by employing each reduced divisor, in 
conjunction with the corresponding reduced dividend, the 
equality referred to always has place — the quotient continu- 
ing unaltered ; so that ihis unaltered quotient, multiplied 
by any one of the varying divisors, wiU always produce the 
dividend in connection with that divisor. Consequently the 
£xed and constant quotient, m\iLtiplied by the sum of aU the 
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varying divisors, must give a product equal to the sum of all 
the varying dividends ; in other words, there will be the 
equality following, which, for the purpose of future refer- 
ence, we shall mark [A]. 

Quotient X 1*0001 =: Sum of aU the several Dividends .... [A]. 

Now the multiplier 1*0001 differs from 1 by an amount so 
small that, in calculations such as those in which we are now 
engaged, the difference is hiappreciable, and the number 
may with safety be replaced by 1 itself ; in which case, 
the left-hand member of the foregoing equality becomes 
simply — Quotient = Sum of all the Dividends; and hence 
the quotient arising from the division by 73000, in accord- 
ance with Rule I., may be more expeditiously found by 
summing up all the reduced dividends arrived at con- 
formably to the directions in Eide H. ; in all those cases, 
that is, in which the replacing the multiplier 1*0001, as used 
above, by 1, can lead to no error of consequence; in other 
words, whenever the Interest (the Quotient) is not so large 
a sum as for the ten-thousandth part of it to be appreciable. 
[The 10000th part of the Quotient (or Interest) is Quotient 
X '0001, — the amount which is rejected by the Eule.] 

Now we know that £1 is equal to 960 farthings ; conse- 
quently, £10 is equal to 9600 farthings ; and this nimiber, 
being less than 10000, the 10000th part of it is less than a 
farthing; it is, in fact, the decimal '96/. We may infer 
therefore, from what is said above, that whenever the 
reqtdred interest is foreseen to be a sum not exceeding 
£10 — and whether 10 times the divisor 73000 exceeds the 
dividend or not, may be ascertained at a glance, — Rule II. 
may be depended upon for the accurate determination of 
that interest, within a farthing ; the error being a fraction 
of a farthing in excess. 

NoTB.--The 10000th part of the " Sum of all the Dividends " is not, 
in strictness, the same as the 10000th part of the Interest, or Quotient: — 
it is the 10000th part of the Quotient, and the 10000th part of that 
part besides ; as is evident from the equality marked [A] above. 

This addition, however, is so utterly insignificant, that Rule II. very 
properly ignores its existence. 

We may here remark, however, that in working Examples by this 
Rule, the decimals are not extended beyond five places, and therefore 
that appreciable error may be suspected to arise from this cause : let 
us see whether or not such can be the case. In the first division of the 
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proposed dmdend, namely, the diyision by 3, the greatest remainder 
that can arise is obviously 2, for which remainder the continuation of 
the decimals would be the figures 666 . . . Now even if the figures 
following the fifth place, in the two subsequent divisions (by 10), could 
be a row of 9's, the sum of tho column of decimals, immediately beyond 
the fifth place, would amount only to the number 26 ; so that the error 
arising from rejecting these decimals would be more than compensated 
by increasing the fiftii decimal by 3 ; and the value of this increase in 
the pounds would be only 960 X '00003 = -0288 farthings. In every 
case, tho error from curtailing the decimals is, therefore, an error of a 
fraction of a farthing in defect. We have already seen that when the 
Interest is not more than £10, the error of Bule II., which arises from 
replacing 1*0001 by 1, is likewise an error of only a fraction of a 
farthing, and that this error is in excess. Hence the Interest, as com- 
puted by Kule II., whenever that Interest does not exceed £10, is 
affected with an error which is merely the difference between two 
fractions of a farthing, and is therefore inappreciable. 



Calculations BESPEOTiNa Commission, Bbokerage, 

Insurance, &c. 

Problem. 

To find, the Commission or Brokerage upon any number ofpounds^ 

at a given rate per cent, 

Eule I. — Eegard tlie given number of pounds as so 
many shillings ; multiply by the rate per cent., and divide 
by 5. Or, 

Eule II. — ^Multiply the given number of pounds, taken 
as so many shillings, by twice the rate per cent., and divide 
by 10. Or, 

Eule HI. — ^Multiply the poimds, taken as so many 
shillings, by twice the rate per cent., and from the product 
cut o£E the unit's figure: the remaining figures express 
shillings, and the figure cut ofi^ denotes so many pence and 
fifths of a penny. 

Examples. 

1. What is the commission on £83, at 2 per cent. P 

By Rule I. By Rule II. By Bnle m. 

83$. 83«. 83«. 

2 4 4 



6) 166 1,0) 33,2 33,2 = 33«. W- 

Ans. 33«. 2f rf. 33^*. = 335. 2^. 
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2. What 18 the commission on £58, at 6^ per cent. P 

By Rule I. By Rule II. By Rule III. 

589. 589. 589. 

6i 12J 12J 

348 696 696 

14 6 29 29 



6) 3629. 6d. 
Am. 729. 6<f. 


72,5 = 72 J9. z=: 72,6 = 729. bid. 
728.6d. 729. 6d. 


3. What is the commission on £125, at 3f per cent. P 




By Rule I. 
1269. 
31 




376 
375-7-8=46 10 J 




5) 4219. lO^d, 




Ans. 849. i^d. 


By Rule II. 
1259. 

6} 

750 
93 9 


By Rule III. 
1259. 

4) 3759. 

760 
= 939. 9d, = 93f 


1,0) 84,39. 9^. 
Ans, 849. i\d. 


84,3J = 849. Sid. + i of 3|« 
or J of V«?. = id, ; a.nd 849. 3}rf. ■ 
Id, = 849. 4J<?. jlns. 



[Whenever the given sum consists of pounds only, and 
has 5 or in the unit's place, we know Ihat its fifth part 
will be a whole number ; and in this case it will save 
figures, in working by Eule I., to execute the division by 
6 first : and the same may be said, whatever be the unit's 
figure of thepoimds, if either 58. or 10«. or 15s. be connected 
with those poimds. The work of Ex. 3 above may be thus 
shortened.] 

The foregoing Eules are derived from the truth, that if 
the principal be expressed in pounds, the commission (or 
interest), expressed also in pounds, wiU be found by multi- 
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plying by the rate per cent., and dividing by 100. But if 
we take 20 times the number of pounds in the principal, tke 
commission will, of course, be expressed in shillings ; and 
the multiplying by 20 and then dividing by 100 is the same 
as not multiplying at aU, and dividing by 5 ; so that we 
have only to regard the principal, in pounds, as so many 
shillings, and then to divide by 5, to get the commission in 
shillings ; and this is Kule I. Kule II. is an obvious in- 
ference from it, for we merely double the multiplier (the 
rate), and double the divisor (5). And Rule m. is but a 
slight modification of this : in dividing by 10 we cut off the 
umt's figure, convert the shillings thus cut off into pence, 
add these to whatever pence may f oUow, and then divide by 
10 ; or, expressing the odd pence as a faction of a shilling, 
we multiply all that is cut off by 12 and divide by 10 ; that 
is, we multiply by f f = f = H ; which suggests Rule III 

Note. — ^If the conunission be 6 per cent., then whatever number of 
pounds and fractions of a pound there are in the principal, so many 
shillings and like fractions of a shilling are there in the commission; 
and the Rule at p. 174 may be employed. 

Although in the foregoing Examples we have calculated the com- 
mission to the fraction of a farthing — as the Kules lead to results of 
the most perfect accuracy — ^yet, in the transactions of actual business, 
the Commission agent and the Broker usually charge an additional 
penny for every overplus fractional part of a penny. In the first 
Example above, the agent's charge would be 33«. 3d. ; in the second, 
72«. 63^., which it strictly is ; and in the third it would be 84a. orf. ; so 
that, in working this tmrd Example by Rule III., the supplementary 
operation for finding what i of 3|S. is, exactly, would, in practice, be 
omitted. A glance would show that the addUtion to the 3}rf. cut off 
would be greater than ^d. and less than Id.; so that the pence being 
between id. and 5d., the charge for commission would be 84a. 5d. 

4. A stockbroker is employed to sell out £536 of Bank Stock : what 
will be his charge for brokerage, at 2a. 6d., that is, £J per cent. ? 

Bv Rule I. By Rule 11. By Rule HI. 

'S) 536a. 4) 536a. 4) 636a. 

6) 67 1,0) 13,4 = 13a. 5d, Ans. 13,4 = 13a. bd. Am. 

13a. bd. Ans. 



P 



ff9 

I 

1 

■4 



The result, by Rule I., is strictly 13a. 4|<f. ; by Rule 11. it is 
13a 4t*^. ; and bv Rule III., 13a. 4id. +|rf.,the results aU agreeing, of 
course ; but the id, or i%rf. is charged as an additionid penny. 
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6. What will be the charge for commission on £127 10«., at 3} per 
cent. ? Ans. £4 9«. M. 

6. What is the brokerage upon a money transaction for £385, at 28. 6d, 

per cent. P Ans. 98, Sd. 

7. What sum must be paid for insuring a yessel and cargo, estimated 

at £2225, at 3^ per cent. ? Ans, £72 6«. 3d, 



Calculations respectinq the Purchase of Freehold 

Property. 

Problem 1. 

Owen the number of year^ purchase {that is the numler of 
years* rent), to find the rate per cent, on the purchase-money. 

Rule. — Divide £100 by the number of years' purchase ; 
the quotient wiU be the rate per cent. 

For the rent multiplied by the number of years' purchase 
is tlie purchase-money, or principal invested ; and the rent 
itself is the interest received yearly ; and as this principal 
is to £100, so must the interest on the principal (the rent) 
be to the interest on £100 (the rate per cent.) ; that is, 

Kent X No. of years : £100 : : Rent : to Rate per cent. ; 

therefore, ^^^' ^ ^^ = isr ^T = ^-*« P» 
Rent X No. of years No. of years 

cent. ;* which is the Rule. 

Examples. 

1. If 14 yeaxB* purchase be given for a freehold estate, what percent- 

age does the purchaser receive per annum ? 
£100 -r- 14 = £7 2s. 10^. Ans, 

2. If freehold property be purchased for 21 years' rental, how much 

per cent, will the purchaser receive for his investment ? 
£100 ^21 =£4 155. 2fd. Ans, 



* That the reader may not suppose here that in the expression 
<* Eent X £100,*' we are implying that money can be multiplied by 
money, it may be as well to state that what is really implied is that 
£100 is to be multiplied by the number of pounds in the Rent, or the 
Bent taken 100 times. 
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Problem 2. 

To determine the rent so that the purchase-money may yield a 

given rate per cent, 

EuLE. — ^Multiply the purchase-money by the given rate 
per cent., and then divide by 100. 

For we have see above that .pr — = = Rate per 

Purchase-money 

cent. ; therefore, Purchase-money x Eate -7- 100 =r Eent; 
which is the Eule. 

Note. — It is obvious, in order that the investment may produce 5 per 
cent., that the price paid must be 20 years* purchase ; and that a 20th 
part of the purchase-money must be the yearly rental, in order that 5 
per cent, may be realised by the holder of the property. 

Examples. 

1. If a freehold estate be sold for £30,000, what must be the yearly 

rent, to allow the purchaser 4 per cent, per annum for his money ? 
£300, 00 X 4 = £1 200. Ana, 

2. If a freehold estate be sold for £11,000, what must be the yearly 

rent, to allow the purchaser 6 per cent, per annum ? 
£110,00 X 5 = £550. Ana. 

Problem 3. 

The yearly rent and purchase-money being given, to find the rate 

per cent. 

Eule. — 1 00 times the rent divided by the purchase-money 
will give the rate per cent. [This is obvious from the 
fraction for '* Eate "given above, Prob. 2.] 

Examples. 

1. If a freehold yearly rental of £550 be bought for £11,000, at what 

rate per cent, is the money invested P 
65000 -^ 1 1000 = 5 per cent. Ana. 

2. If an estate of £1200 a year is bought for £30,000, at what rate per 

cent, is the money invested ? Ana. 4 per cent. 

[This problem differs from Prob. 1 only in this, namely, 
that here the actual rental is given, and there onlytho 
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number of years' purchase : the number of years' purchase 
being assigned, flie yearly rental need not be formally 
stated, since it is impHed.] 

We shall only add further on this subject, that since 100 
divided by the number of years' purchase gives the rate per 
cent., it foUows that 100 divided by the rate per cent, will 
give the number of years' purchase ; thus, if only 3 per cent, 
is to be realised, the number of years' purchase for the 
estate must be 100 -f- 3 = 33 J- years ; if 4 per cent, is to 
be secured, the nimiber of years' purchase must be 100 -f- 
4 = 25 years ; and so on. (See Ex. 1, Prob. 2.) 

DiscoTJNT, Stocks. 

Discount is analogous to Commission ; it is the percentage 
which the receiver of money allows to the payer for prompt 
payment ; it is also the name given to the deduction which 
the Banker or Bill-broker makes upon Cashing a Bill or 
Promissory Note, which Bill or Note becomes due, or pay- 
able, only at a future specified time ; and the calculation 
of the Discount on any sum is the same as the calculation 
of Interest on that sum. 

The present worth of such a Bill is not the sum on which 
the discount is charged ; it is that simi of money, paid down, 
which, when put out at the agreed-upon interest, for the 
specified time, will amount to just sufB.cient to pay the Bill 
when it becomes due : thus, if the Bill be for £105, payable 
in one year, interest being at 5 per cent, per annum, then, 
since £100 present money would amoimt in one year, at 
the proposed interest, to £105, the present value of the Bill 
is £100. But Bankers and BiU-discounters reasonably 
expect a profit, and therefore would charge, as Discount, 
the full interest of the £105, namely, £5 5«. And this 
would also be the discount, at 5 per cent., allowed to the 
purchaser of goods by the tradesman, for ready-money 
payment: in some kmds of purchases, however, 7^, or 
even 10 per cent., is allowed. After what has been said 
in reference to interest generally, a single illustrative ex- 
ample here will suffice ; it being remembered that three 
days — called days of grace — are always added to the speci- 
fied time of payment, so that the Bill is not really due till 
the third day after that time. 
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Examples. 

1. A Bill for £77f drawn on the 8th of March, at 6 montliB, is dis- 

counted on the 3rd of June, at 5 per cent. : required the amount 
of discount ? 

The 6 months expire on September 8 ; therefore the Bill becomes due 
September 11. From June 3 to September 3 is 92 days (see Table, 
p. 26), and therefore to September 11 it is 100 days ; and the interest 
(discount) on £77, at 5 per cent., for 100 days, is round, by the method 
employed at p. 182, to be £1 Is, l^d. ; and therefore the discount 
charged would be £1 Is. 2d. 

The following example belongs to a dass of cases of 
frequent occurrence in Bill transactions. 

2. A Bill for £500 was due February 2, 1870, but was allowed to 

remain at interest. £80 was paid March 9; £115 May 15; 
£25 June 1 ; and the balance, namely, £280, August 14 : what 
interest was due at 5 per cent. P 

£ Bftvs. £ 

1870 ; Feb. 2, Due 500 X 35 = 17500 3) 7-1646 (Seep. 183.) 
Mar. 9, Paid 80 2-3848 

2384 

420 X 67 = 28140 238 

May 15 „ 115 

9-8015£ 

305 X 17 = 6186 20 

June 1 ,, 25 



16-03 8. 

280 X 74 = 20720 12 

Aug. 14 „ 280 



71545 -36 d. 



The interest charged would be £9 16*. !<?., which is the Ans. 

The Eule at p. 183 directs us to point off five places of 
figures ; whereas, above, we have pointed off only four from 
71545 : but it is to be remembered that this number is to 
be previously multiplied by 10, — ^twice the rate per cent. ; 
so that the number to wbich the method referred to is to 
be applied is 715450, from which five figures being pointed 
off, we have 7-1545, as above, the being omitted as non- 
significant. 

The calculations concerned in the purchase of Stock, that 

is, property in the Public Fimds, are very similar to those 

employed in the purchase of Freehold Estates. What, in 

reference to this latter kind of property, are called Bents, 
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in regard to the former kinds are called Dividends ; but in 
each case a permanent yearly or half-yearly income is 
purchased for a specified sum paid at once. Stock is not, 
in reality, money ; it merely gives the purchaser or holder 
of it the claim to a certain yearly or half-yearly dividend : 
it is this right alone that he purchases, and which he can 
again sell, with but little trouble, whenever he pleases, 
like most purchaseable property, or income, the price 
fluctuates, the more perhaps in this kind of property than 
in any other kind, since the money invested in the purchase 
of the income goes to the GFovemment, which, from com- 
mercial and political changes, may require, for the exigency 
of the occasion, more funds at one time than at another, 
and are therefore willing to sell the incomes, or dividends 
they grant, at a lower price. The following examples will 
serve to show the nature of the transactions here spoken of. 

Examples. 

1. A person invests £3500 in the 3} Per Cents, when the price of this 

stock is 98 ; that is, when he pays £98 for what is called £100 
Stock : what will his annual income from this investment be P 

He purchases as many £100's Stock as there are 98's in 3500, and 
for each of these £100's he is to receive £3 10«. per annum ; therefore 
his yearly income will be 

3500 „, ,12250 ,,^^ ^ 
£-9g- X 3J = £-g|g- = £125 Am. 

2. When the 3} Per Cents, are at 98, how much money must a person 

invest in that stock, in order to secure a yearly income of 
£150 P 

It is obvious that he must purchase as many £100's Stock as there 
are £3j^'s in £150 ; so that we have 150 -f- 3}, or 300 -f- 7 = 42f ; and 
£98 X 42f = £4200, the sum to be invested. The purchaser will 
then possess or hold £4285f Stock in the 3} per cents. ; since 42f times 
£100 amount to this sum, the £98 (the price) being the value of £100 
Stock. 

3. When the 3} Per Cents, are at 99|, how much money must be 

invested in them to produce an income of £140 per annum P 
Ans. £3995. 

4. When Bank Stock is at 131f , the interest on it being at 5 per cent., 

how much money will purchase £575 10«. of it ; and how much 
must be paid to the Stockbroker, who charges 2«. 6d, per cent, 
on the stock purchased P 

Ans, Purchase-money, £758 4«. 6d, ; Brokerage, lis, 5d, 

K 
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Profit and Loss. 

Fboblem 1. 

The prime cost and the selling price being given, to find the gain 

or loss per cent. 

This problem is solved by a oommon Bule-of-Three 
operation. The difference between the cost and the selling 
price is the gain or loss ; and the cost is to £100 as the j 
profit or loss on the cost is to the profit or loss on £100, as 
IS obvious ; or without the formality of a Bule-of-Three 
stating, the Hule may be expressed thus : 

ExTLE.— Divide 100 times the gain or loss by the prime 
cost ; the quotient will be the number of pounds g^ain or 
loss per cent. 

Examples. 

1. If a horse is bought for £15, and then sold for £17 10«., what is the 

gain per cent. ? 

, 250 60 • 
The gain on the £15 is £2 10«. ; and -j^ =-j = 16f per cent. Am, 

2. If doth be bought at 6a. per yard, and sold at 7«.>what is the gain 

per cent. P 

100 
The gain on the 6a. is 1*. ; and -g- = 16f per cent. Ana, 

This profit, per cent., is the same as that in the former example : in 
both cases the gain on the cost is i of that cost; so that the calculation 

in each case might stand thus : i X 100 = -g- =z 16f . 

3. If linen be bought at la. per yard, and sold at 13^., what is the 

gain per cent. ? Ana. 12^ per cent. 

4. If broadcloth be bought at £1 per yard, and sold at IZs. 4d., what 

is the loss per cent. P Ana, ZZ} per cent. 
6. If, on the contrary, the cloth be bought at IZa. id. per yard^ and 

sold at £1, what is the gain per cent. P JtiM. 50 per cent. 
6. If tea be bought at 2a. 9d. per lb., and sold at Za. 4d,, what is fbe ( 

gain per cent. P Ana, £21 4a, i^d. per cent. 

Problem 2. 

The prime cost being given, to find what the selling price must h 
in order that an assigned rate per cent, mag be obtained. n 

.BuLS.— Whateyex part the proposed rate per cent is of ■ 
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100, that same part of the cost price will be the requisite 
profit ; this, added to the cost price, is the selling price. 

Examples. 

1. A cargo of cotton is bought for £12345 ; what £ 

must it be sold for to yield a profit of 5 per 20) 12345 
cent. ? 617 6«. 

As 6 is the 20th part of 100, wo proceed, per Eule, ' 

88 here annexed ; and we thus find the profit to be £12962 6s. 

£617 6«., and the selling-price to be £12962 5«. Ana, 

The reverse of this problem would be to find the prime 
cost from knowing the profit upon the whole, and the rate 
of profit per cent. In this case we should have to multiply 
the given profit by the number which here is the divisor ; 
thus, in Ihe instance of the profit being known to be 
£617 5«., and 5 the rate per cent., we shonid have £617 5s. 
X 20 = £12345 = the prime cost. But we need not 
extend these examples. Any three of the terms in the 
general proportion— 

Prime cost : £100 : : Gain on outlay : Gain per cent. — 

being g^ven, the fourth term may be f oxmd, and the fig^e- 
work economised, by discarding factors seen to be common 
to both multiplier and divisor ; thus, in the example just 
considered, the proportion would be— 

£100 : Prime cost : : Gain per cent. : (Jain on outlay ; 
that is, £100 : £12345 : : 5 per cent. : £617 58. Gain. 

Thus, ^^^^^^ ^ ^ = ^1^ = £617 5s., as by the Eule. 
' 100 20 > J 

If the required profit had been at the rate of only 4 per 
cent., then we should have had — 

£12345X4 , £12345 ^^^, 
100 25 

But it is perhaps more expeditious, in both these, as well 
as in similar cases, to leave the divisor 100 imreduced, and 
to proceed thus. Multiplying in the first case by the 5, and 
in the second by the 4, and cutting off the last two figures 

K 2 
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of each product, which is equivalent to diyiding hj 100, we 
have— 

jg £ 

l8t. 617,25 2nd. 493,80 

20 20 



5,00«. ; £617 Ss. 16,00«. ; £493 16f. 



Fbopobtional Pabts. 
Problem. 



To divide a given quantity into parte which shall have the earn 
relation to one another as any proposed numbers have to one \ 
another. 

Btjle I.— As the sum of the given numbers is to any one 
of them, so is the given quantity to be divided to the part \ 
of it corresponding to that number. 

Examples. 

1. It is required to divide £80 into three parts, that shall hear to one 

another the same relations as the numbers 2, 3, and 5. 

ist. 10 : 2 : : £8o : £i6. 2nd. lo: 3 : : £80 : £24. 3rd. 10: 6:: 

£80 : £40. The required parts are therefore £16, £24, and £40, 
-which together make up the whole £80. It is obvious that the 
Bale might be expressed a little differently, thus :— 

Rule II. — ^Multiply the given quantity by each of the 
given numbers separately, and then divide each product by 
tiie sum of all the numbers. 

2. A bankrupt owes £120 to A ; £80 to B ; and £75 to : he possesseB I 

only £165 : how is this sum to be equitably divided among his I 
three creditors ? i 

£ £ £ i 

120 X 165 = 19800, which -i- 275 = 72, the share of A. 
80 X „ =.13200, „ -r ,, = 48, „ B. 

75 X „ =12375, „ -r- » =45, „ 0. 

275 165 

3. Three traders. A, B, and 0, contribute the following sums to the 

business : A. £500 ; B, £650 : and 0, £700 : the year's profits 
are £555 : what is each partner's share? 
Ans. A, £160 ; B, £196 ; C, £210. 
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4. A person bequeathed in his Will £140 to A ; 100 guineas to B ; 
80 guineas to 0; £70 to D ; and £60 to E : but at hisdeathleft 
only £311 Ids, How is this sum to be equitably divided, over- 
plus fractions of a farthing being disregarded, because unpayable ? 

-4«j?. A, £95 U. Sid. ; B, £71 6a. 3j<f. ; C, £57 la. O^d. ; 
D, £47 10«. lOjrf. ; E, £40 15«. O^d. 

The truth of the foregoing Bule scarcely requires any 
formal proof. Take the first Example : here we are told 
that the number 10 is divided into the three parts, 2, 3, and 
5, and we are required to divide the number 80 in a similar 
way. It is plain that whether the proposed number be twice 
10, or three times 10, or any number of times 10 whatever, 
the required component parts of it must be just as many 
times 2, 3, and 5 ; hence the given mmiber (10) must be to 
the component part of it (2) as the proposed number (80) is 
to its corresponding component part ; and so of each of the 
other component parts. And similarly in all other such 
cases. 



The Chain-Eule. 



The Chain-Bule is a compendious method of computing 
Examples which, without it, would involve two or more 
distinct Bule-of -Three statings : the following Examples 
will eaifficiently illustrate the mode of working by it. 

Examples. 

1 . If 3 lbs. of tea cost as much as 8 lbs. of coffee, and 5 lbs. of coffee as 
much as 18 lbs. of sugar : bow many pounds of sugar should be 
given in exchange for 20 lbs. of tea P 

By the Rule-of -Three, we have : — 

3X5 
1st. 8 lbs. coffee : 6 lbs. coffee I * 3 lbs. tea : — g— lbs. tea. 

Qwc 8X18X 20 

2nd. — g - lbs. tea : 20 lbs. tea • * 18 lbs. sugar : — 3375 — ^^'** 

of sugar ; 
since dividing by — «- is the same as multiplying by « ^ - « 

Now, according to the Chain-Hule, the several quantities would be 
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arranged in two colrunns, thus : — 

3 lbs. tea = 8 lbs. coffee. 
5 lbs. coffee ^18 lbs. sug^. 
How many lbs. sugar = 20 lbs. tea ? 

Wbere it is to be observed that no two commoditiefi of the same kind 
occur in the same column. Now by dividing the product of the numbers 
in the complete column, by the product of those in the column which 
the answer, if known, would complete, that answer is obtained : it is 

8 ^ 18 ^ 20 

— g g — = 192 ; so that 192 lbs. of sugar is the answer. And it is 

plain that the result of the division here directed to be performed must 
give the true answer, because from the foregoing equsdities it follows 
that we must have also the equality 

3 X 5 X ^'w. = 8 X 18 X 20, and therefore 

8 X 18 X 20 
^''*- = 3X5 = ^^2. 

Note. — In working Examples by the Chain-Rule, the computer will do 

well to avail himself of every occasion that may offer to expunge factors 

common to numerator and denominator— common, that is, to dividend 

and divisor, before he actually multiplies and divides. For instance, in 

8 \C 18 ^ 20 
the present example, he should deal with the fraction — » in 

8 X 6 X ^ 

the more simple form r , or rather 8X6X4 = 1 92. The 8 is 

retained, intact, in the numerator, because it has no integral factor (or 
divisor) common to either the 3 or the 5 ; but the factor (or divisor) 
3 is common to the 18 and the 3 ; this common factor, expunged from 
botii, reduces the 18 to 6 and the 3 to 1. Again ; the factor 5, entering 
into both the 20 and the 5, is in like manner expunged hrom. bol£ 
numbers,; the 20 being thus reduced to 4, and the 5 to 1. And these 
simplifications being made mentally, at the outset, the actual figure- 
work becomes abridged. When a factor is seen to be common to a 
number in the numerator and a number in the denominator, it will be 
convenient to draw the pen through both numbers, and to write, above 
the former and below the latter, only the factor of each which is 
retained, and then to work with these. 

2. If twenty Spanish piastres are worth £3 7«. 6<f. ; and £1 be worth 
251 French francs : how many francs may be had in exchange 
for 2} Spanish piastres P 

20 piastres = £3f = -g- 

76 
£1 = 25J francs ^ -^ francs 

francs ? = 2 J piastres = f piastres. 

X. ^^ ' ^-u f 27 X 7 6 X 6 9 X 19 ,« 

The number of francs is therefore 20 X 8 X 3 X 2 ^^ 4X2X2 ^ 

Note above) z= lOH francs. 
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3. If £1 = 420^. Flemish, and 6Sd. Flemish = 1 Venetiaii crown = 
60 Venetian ducats ; 1 ducat = 360 Spanish znaravedis, and 
272 maravedis = 1 Spanish piastre : how many piastres may be 
had in exchange for £1000 sterling ? 



£1 = i20d, Flemish 

68rf. F. = 60 ducats V. 
1 duo. V. == 360 marav. 
272 marav. = 1 piastre 
piastres ? = £1000 



420 X 60 X 360 X 1000 _. 
68 X 272 

675050fSS = 675050 piastres, 
and 193 maravedis. Ana, 



[On the general subject of Exchanges ^ consult Kelly's 
Universal Cambist.] 

4. If 3 lbs. of pepper be worth 4 lbs. of mustard, and 5 lbs. of mustard 

be worth 12 lbs. of candles : how many lbs. of candles should 
be given for 20 lbs. of pepper P Am. 64 lbs. of candles. 

5. If the value of 6 lbs. of tea = 12 lbs. of coffee ; 9 lbs. of coffee = 

28 lbs. of sugar; and 13 lbs. of sugar = 18 lbs. of soap : how 
many pounds of soap may be had for 7 lbs. of tea ? 
Ans, 72f lbs. of soap very nearly. 

The general principle which is the foundation of the* 
Ghain-Bule is that of the compounding of equations, 
according to the following rule : — 

Beduce all quantities expressed in more than one term or 
denomination, either the highest or lowest, with fractions, 
if any ; and bring all quantities of the like kind to one and 
the same denomination. Let x represent the required 
imknown quantity, which is sought in resolution of the 
problem or question ; and set down, in a parallel colimm 
on the right, as consequent, its given equivalent, as stated 
in the question. Below the antecedent x^ set down the 
other given term, or quantity of the same kind as the last 
preceding consequent, accompanied on its right by its own 
given consequent; and so on, with the remaining given 
terms, concluding with the consequent which is of tihe same 
kind as the first antecedent x. Multiply together all the 
consequents or right-hand terms of tibe statement ; and 
similarly all the given antecedents or left-hand terms; 
perform the division of the former product, as dividend, by 
the latter product, as divisor, after cancelling all factors 
common to ooth. The quotient will be the value of x^ and 
the answer to the question. 
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•JiX AMPLE. 

What will an estate worth £39420 per annum amount to per minute ? 

X 1 minute 

Minutes, 60 1 hour 

Hours, 24 1 day 

Dnys, 365 1 year 

Year, 1 £39420 

£ 1 20 shillings 

Shillings 1 12 pence 



The Slide-Eule. 



The slide-rule is a kind of logarithmio table, and is so 
constructed as to obtain the solution of arithmetical ques- 
tions in either multiplication, division, or extraction of the 
roots of numbers. It is formed of two pieces of box-wood, 
each 12 inches in length, joined together by a brass folding 
joint. In one of the pieces there is a brass slider. The 
rules are commonly marked with A on the rule, B and C 
on the slider, and D on the girt or square line. Let the 
learner observe whatever value is given to the first 1 from 
the left, the numbers following, viz. — 2, 3, 4, 5, &c., will 
represent twice, thrice, four times, &c., that value. If one 
is reckoned one or unity, the rest will count 2, 3, 4, &c. ; 
but if the one is reckoned ten, then 2, 3, 4, will count 20, 
30, 40, &c. Should the first one be called 100, then 2, 3, 4, 
&c., will count 200, 300, 400, &c. The value of the I in 
the middle of the line is always ten times that of the first 1 ; 
the value of the second 2 is ten times that of the first 2 ; so 
that if the value of the first 1 be 10, that of the second 1 
will be 100 ; the first 2 will be 20, and the second 2 will be 
200, &c. On the lines A, £, and C, there are 50 small 
divisions betwixt 1 and 2, 2 and 3, 3 and 4, &c. Now, if 
the first 1 be reckoned 1 or unity, each of the small divisions 
between 1 and 2, and 2 and 3, &c., will be -jV or *02 ; and 
a jou take the first I to be ten, then the small divisions 
from the second 1 to 2, 2 to 3, &c., will each be ten timos 
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greater than -jV, or '02, each of them will be Hf or i, or •2. 
Again, if 1 represents 100, the first 2 will be 200 ; if the 
second 1 be 1000, the second 2 will be 2000, and so on. 
The above being well understood, we shall now proceed to 
the use of the rule. 

Peoblem 1. 

Multiplication, 

Rule 1. — Set 1 on B to one of the factors on A; next 
against the factor on B, you have the product on A. 

Examples. 

1. Find the product of 3 by 8. 

Direction. — Set 1 on B to 3 on A, then against 8 on B will be found 
the product 24 on A. 

2. Find the product of 34 by 16. 

DiBBCTioN. — Set 1 on B against 16 on A ; then look on B for 34, and 
against it on the line A wiH be found the product 544. 

Problem 2. 

Division. 

EuLB 2.— Set the divisor on B to the dividend on A; 
against 1 on B you have the quotient on A. 

Examples. 

1. Find the quotient of 96 divided by 6. 

DiBEcnoN. — ^Move the slider tiU 1 on B stands against 6 on A ; then 
the quotient 16 will be found on B, against the dividend 96 on A. 

2. What is the quotient of 108 divided by 12 ? 

DiRBCTioN. — Set 12 on B against 1 on A ; on the line A will be found 
the quotient 9 against 108 on B. 

Peoblem 3. 

Proportion, 

Exile 3. — Set the first term on the slider B to the second 
on A ; then on the line A will be the fourth term standing 
a&rainst the third term on B. 
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Example. 

1. If 4 lbs. of brass cost Z6d., what will 12 lbs. come to ? 

DiKEcnoTT. — Move the slider so that 4 on B will stand against 12 on A, 
then against 36 on B will be found the fourth term 108 on A. 

Problem 4. 

Superficial measure. 

Rule 4. — ^Multiply the length by the breadth, the product 
will be the area. 

Direction. — Set 12 on B against the breadth in inches on A ; on the 
line A will be found the surface in square feet against the length 
in feet on the line B. 

Example. 
1. What is the content of a plank 18 in. broad, and 10 ft. 3 in. long? 

DiBJtCTiON. — Move the slider so that 12 on B stands against 18 on A; 
then will 10^ on B stand against 1*5} on A, which is 15f square 
feet. 

Peoblem 5. 
To find the solid content of timber. 

Rule 5. — ^Multiply the length, breadth, and thickness 
together. 

Set the length in feet on C to 12 on D, then on C will be 
found the content in feet against the square root of the 
product of the depth and breadth in inches on D. 

Example. 

1. What is the content of a square log of timber, the length of which 
is 10 feet, and the side of its square base 15 inches. 
Set 10 on C against 12 on D ; then will 15 on D stand against the 
content 15f on C. 

Problem 6. 

To extract the square root. 

Move the slider so that the middle division on 0, which 
is marked 1, stands against 10 on the line D ; then against 
the given number on 0, the square root will be found on D. 

NoTB. — If the given number consists of an even number of places of 
figures, as 2, 4, 6, &c., it is to be found on the left hand part of the 
line C ; but if odd numbers, as 3, 5, 7, &c., it is to be found on the 
right hand side of 0, 1 being the middle point of the line. 
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Examples. 

1. Find the square root of 81 ? 

The nmnber of places are even, being two ; therefore the number 
81 is sought for on the left hand side of the line C. Set 1 on C against 
10 on D ; then against 81 on C will be found 9, the square root on D. 

2. What is the square root of 144 ? 

Set 1 on C to 10 on B ; then against 144 on C wiU be found the 
square root 12 on D. 

General Eemabks. 
The slide-rule is also a ready resource for the approximate 
solution, by the quick and easy method of inspection, of a 
multiplicity of nimierical questions, of which the foregoing 
are only a few examples. Its varied application is almost 
a study by itself, as an aid to which the student may 
advantageously consult " The Slide Rule, and How to Use 
it," by 0. Hoare.* As a useful example we supplement 
this notice by illustrating the method of determinmg the 
corresponding equivalents in English and French weights 
and measures, by reference to standard ratios or gauge- 
points ; A being taken to represent scales or series of 
French denominations, and B English equivalents : — 

On B. On A. 

Gaiig« Point. Gauge Point. 

100 inches, against 254 centimetres. 
20 feet, „ 61 decimetres. 

35 yards, „ 32 metres. 

64 miles, „ 103 kilometres. 

31 square inches, ,, 200 square centimetres. 

183 „ feet, ,, 17 „ metres. 

61 „ yards, „ 51 „ „ 

257 acres, „ 104 hectares. 

36 cubic inches, „ 590 cubic centimetres. 
19 „ feet, „ 538 „ decimetres. 

17 „ ^ards, „ 13 „ metres (stores). 

46 imperial gallons, „ 209 litres. 

141 „ quarters, „ 410 hectolitres. 
571 troy graius, „ 37 grammes. 

142 „ lbs., „ 53 kilogrammes. 
97 lbs. avoirdupois „ 44 „ 

187 tons, „ 190 milliers, (metric tonnes). 

In all these cases, opposite any given number (French 
denomination), on A, vml be found the equivalent nimiber 
(English denomination) on B. 

* No. 158 of Weale's Rudimentary Series, published by Crosby 
Lockwood & Co. 



204 SUPFLEMENTAET TABLES. 

SUPPLEMENTABT TABLES. 

Table I. — ^This Table shows the values, eiqpressed in 
decimals of £1 , of all sums from id, up to 20«. The follow- 
ing instances will sufficiently exemplify the use of it. 

1. Express the yalue of 11«. did, 2. Eequired the value of £7 8«. 

in decimals of £1, l\d. in decimals of £1. 

By the Table (p. 208), we BytheTable,8«. 7Jrf. = £-43126 

find thHt 11«. bid. is (p. 208), therefore, £7 8«. 7^ 

£•67395833. =£7-43125. 

3. What is the value, in £ «. d,y of £3*4628 P Here we look in the 
Table for the decimal '4628, and at page 208 we find the number 
the nearest to it to be '4625, against which stands 9«. Zd, ; 
therefore £3*4628 = £3 9«. 3ef., to the nearest farthing. 

To find the exact value of £3*4628 by calculation, we 
should proceed as in the margin ; from which we see that 
£3*4628 = £3 9«. 3d. + '^J^-^ ^^^ latter fraction being a 
little more than a quarter of a farthing. We know that if, 
is '25/. ; and '288 is *038 greater than this ; that £3*4628 
is, it exceeds J/, by TH-oj't which is less than a 20 

25th part of a farthing. 

But the value of the small difference between jg* 

any gpiven decimal of £1, and the approximation 

to that decimal, in the Table, may be readily 3*072rf. 
calculated, whenever it is thought necessary to do 4 

so, by simply converting the smaU difference into Togs/' 
the decimal of a farthing; thus, in the case — 
before us, the difference between the tabular number '4625 
and the given number '4628 is '0003 ; and this multiplied 
by 20 X 12 X 4 is -288/. 

Table II. — This table expresses any number of days, 
from 1 day to 365 days, in decimals of a year, and will be 
found useful in determining the Interest of any sum of 
money, at a given rate per cent., for any specified number 
of days. In using the Table for this purpose, it is necessary 
to remember that the yearly interest of £1, at any rate per 
cent., is the 100th part of that rate; that is, it is the rate 
itseK with a cipher prefixed and preceded by the decimal 
poiat : thus — The interest of £i, at 2 per cent., at 2J, at 3, 
at 3i, at 4, at 4J, is £02, £'025, £'03, £'035, £'04, £'045, 
and so on. As an instance of the application of the Table, 
let UB take Example 1 , at p. 1 82, the principal being £ 325 7«., 
the time 89 daya, and the intefxe^t 4.^ ^er cent. 
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Now 7«. = £'35 ; this is, of course, given in Table I. ; 
but there is never any necessity to refer to the Table in the 
case of shillings only, since we have merely to regard the 
units figure as a decimal and divide by 2. The given sum 
is therefore £325*35, and this multiplied by -045, the rate per 
cent., gives 14*64075. By Table 11., the decimal for 89 
days is the number '24384* (limiting the decimals to five 
places, — a number quite suflB.cient), and 14*64075 x "24384 
=3*57. (See Note below.) Turning now to Table I., we 
find that the nearest decimal to -57 is -56979, to which 
corresponds 1 1«. 4f e?. Hence the required interest, to the 
nearest farthing, is £3 11«. 4f(^., as at p. 182 



Note.— Whenever numbers involving several places of decimalB are 
to be mtdtiplied together, or to be divided the one by the other, it is the 
better way to peiform the operations by what are called Contracted 
Mukipli0(Uion and Contracted Division ; as taught in most books on 
common Arithmetic. t The multiplication of 14*64075 by * 24 384, 
indicated above, is here executed by both the conunon method and the 
contracted method. 



Common method. 
14-64076 
•24384 


Contracted method, 
14-64075 
48342 


5856300 
11712600 
4392225 
5856300 
2928150 


2928150 

585630 

43922 

11713 

586 


3-5700004800 


3-57000 





♦ Whenever any of the terminating decimals are rejected, as being 
superfluous for the case in hand, the last of the figures retained should 
always be increased by a unit, if the first of the rejected figures be a 5 
or a greater number. It is plain, in the instance in the text, that five 
decimals from the Table will be a sufficient number to employ ; for the 
error of so much as even a unit in the fifth place would be an error only 
of i^Ao6 » <^d it is easy to foresee that this part of £14*64075 can be 
but an insignificant fraction of a farthing ; for this part of JSIOO even is 
less tlum a whole farthing. 

t See the <' Abithmetic," in Weale's Rudimentary Series^ published 
by Crosby Lockwood & Co. 



TABLES. 
Tabli I. — conlinued. DedioalB <Aa,£. 



40104167 ! 

40208333 t 
'403125 

(0416667 i 

'40620833 i 

40625 

■40729167 i 

-40833333] 9 
■409376 

.041667 B 

'41146833 9 

4125 

■41364!67| 9 

'41458333 E 

415625 

4IG66667 9 . 

41770B33 i 

41875 

■41979187 



42604107 
42708333 
■428121 
29166C7 



/■, 



■43229107 
'43333333 
-434375 
43S41667 
'43645833 
437fi 

■4386416: 
43968333 
440625 
4*166667 
■44270833 
44375 
■44479167 
■44583333 
'44BS7S 
'44791067 
4^895833 



1104167 
,208333 

453125 

'45416667 
" "i20B33 

'4562fl 

'46729167 

'46833333 

459375 
'46041667 

46145B33 

'4625 

46354187 

4646S333 



10 Oi-60104167 11 Oi -55104167 



■675 

; 7604 167 
47708333 
'478125 
'47916667 
48020833 
48125 
4822BIG7 
4833333S 
■484371 



■4875 
'4883416: 
"58333 



'51041667 t: 
'61145833|U 
'5126 
51364167 l: 
■51468333 II 
516625 
'51666667 1! 
\-b\n ~" 



1 '52604167 i: 
I 52708333 11 
I '523125 

-52916667 i: 
J^ -6302083 
1-A312S 
; -53229167 i: 

-53333333 11 
J -634S75 
1 ■63641667 11 
! -63645833 11 

6375 
^-53854167 11 
1-53968333 11 
\ -540625 

■64166667 
1 -64270833 11 
J '54376 
t '544791671: 



\ -56354167 
I -56468333 
} -565625 

-56666667 
} -56770833 
\ -56875 
f -56079167 



'575 
J '67604167 
\ '57708333 
f -578125 

■57916667 
\ '58020833 

18125 
j -58229167 

-58333333 
J -684375 
\ -S864I667 
!■ -58645833 

■5876 



} '69270833 
t -69375 
} -69479167 





Tablb l.-eonUmud. Dedmak of a 


£. 




1. d. 


^ 


^ 


i. 


£ 


.. .. 


^ 


.. ^ 


^ 


12 


60104167 


13 





66104167 


14 
14 


■70104167 


16 OJ 


76104167 


12 


60208333 


13 





65208333 


■70208333 


16 Oi 
15 of 


7o2U8:'33 


12 


6031^6 


13 





663125 


14 


■703125 


753125 


12 I 


60116667 


13 




B5416G6; 


14 1 


■70419967 


16 1 


75416667 


12 1 


aOS20B33 


13 


M 


9552083^ 


14 1: 


'70620833 


18 U 


75520833 


12 1 


60625 


13 


it 


66625 


14 1, 


■70625 


IB it 


75625 


12 1 


(10729167 


13 


I| 


65729187 


14 l: 


■70729167 


15 ij 


75729167 


12 2 


-60833333 


13 


2 


6583333^ 


14 2 


■70833333 


IS 2 


75833333 


12 2] 


•609375 


13 


n 


659376 


14 ii 


■70B375 


16 2 


769375 


12 2\ 


■61041667 


13 


2* 


6604 1G67 


U 2. 


■71041667 


16 2 


76041667 


12 2j 


•611«833 


13 


2| 


6614633;> 


14 2i 


■71115833 


15 a 


76118833 


13 3 


■6126 


13 


3 


6626 


U 3 


■7125 


15 3 


7625 


la 3j 


■61354167 


13 




66354167 


U 3: 


■71354167 


15 3i 


76364167 


12 3 


■6US8333 


13 




6645833S 




■7I46B333 


15 3 


76468333 


12 33 


■616620 


13 




60a6:>5 


14 3; 


■715025 


15 3 


705625 


12 4 


■01666667 


13 


4 


60666607 


14 4 


■7166666- 


15 i 


76666667 


12 4j 


■01770833 


13 


*i 


66770833 


14 4 


■71770833 


!6 4 


76770833 


12 49 


■61875 


13 


H 


6GS75 




■71875 


15 4 


7G875 


12 ii 


■61979167 


13 


n 


66079167 




■7197B1H7 


15 4 


76979167 


12 fi 


■62083333 


13 


5 


67083333 




■72083333 


15 5 


77083333 


12 Si 


■921875 


13 


H 


671*75 


14 61 


■721875 


15 5i 


771875 


12 e 


■62291667 


13 


H 


67291667 


14 6 


■722016H7 


16 5 


77291667 


12 S 


■623B5833 


13 


fij 


6730583a 


14 {.: 


■72300833 


IS 6 


77395833 


12 6 


•m 


13 


6 


675 


14 6 


■726 


16 6 


776 


12 6j 


■6-2a041fi7 


13 


H 


67604167 


14 6 


■72601167 


15 6i 


77604167 


13 GJ 


■63708333 


13 




0770833: 


14 6 


■72708333 


18 6 


77708333 


12 6 


■62B125 






078125 


14 6 


■728125 


15 6 


778125 


12 7 


■62916667 




7 


879166H7 


14 7 


■72B16667 


15 7 


77916867 


12 Ti 


■63020833 


13 


^ 


0302083;^ 




•73020833 


15 7 


78020833 


12 7 


■63125 


13 


H 


08125 




■73125 


15 7 


78126 


12 7 


■93229167 




n 


68220167 




'73229197 


16 7 


78229107 


12 b' 




13 






14 8 


■73333333 


15 8 


78333333 


IS Sj 


-634375 


13 




681376 


14 8^ 


'734376 


to 8 


784375 


12 8 


■63641667 


13 




6854 1G07 


14 8: 


'73611697 


15 8 


78641667 


12 8J 


■0394583; 






6864683il 


14 8! 


■73645833 


15 S 


78646833 


12 9 


■6375 


13 


B 


6B75 


14 9 


■7375 


15 9 


7876 


12 gj 


■63864 IG7l 


13 


"i 


8SB54167 




■73854167 


IS 9 


78851197 


12 9 


■630S8333 


13 


4 


6895833i 


11 9{ 


■73968333 


16 9 


78958333 


12 9| 


'640625 


13 


4 


690625 


It 9; 


■740625 


15 9 


790625 


12 10 


'64166667 


13 


10 


69I0H667 


M 10 


■74166687 


15 10 


79166667 


12 m 


■64270833 


13 


lOi 


6927083i 


14 10; 


■74270833 


16 lOi 


7B270833 


12 10 


■64375 


13 


io| 


69376 


14 10] 


■74375 


15 10} 


79375 


12 lOj 


■04479167 


13 


10| 


69479167 


14 10: 


■74479197 


16 lOi 


7B47B167 


12 11 


■6158333; 




11 


69683333 


14 n 


■74683333 


16 11 


79583333 


12 Uj 


■64987S 


13 




696S76 


li lU 


■746876 


15 11} 
15 111 


796876 


12 11 


■64791667 


13 


Hi 


69791697 


14 11^ 


■74791667 


79791667 


12 11 


■64896833 


13 


111 


69896833 


11 Hi 


■74895833 


16 115 


7B89SS33 


13 0* 


■66 


11 


D 


7 


15 


■76 


19 


3 



212 



TABLES. 



Table IL — continued. Decimals of a Year. 



Days. Yeftn. 

201 -55068493 

202 -55342466 

203 -55616438 

204 -55890411 
206 -56164384 

206 -56438356 

207 -66712329 

208 -56986301 

209 -67260274 

210 -57534247 

211 -57808219 

212 -58082192 

213 -58356164 

214 -58630137 

215 -68904110 

216 -59178082 

217 •59462055 

218 -59726027 

219 GOOOOOOO 

220 -60273973 

221 -60547945 

222 -60821918 

223 -61095890 

224 -61369863 
226 -61643836 

226 -61917808 

227 -62191781 

228 -62466753 

229 -62739726 

230 -63013699 

231 -63287671 

232 -63561644 

233 -63835616 

234 -64109589 

235 -64383562 

236 -64657534 

237 -64931507 

238 -65206479 

239 -65479452 

240 -65763425 

241 -66027397 

242 -66301370 

243 -66575342 

244 -66849316 
246 -67123288 
246 -67397260 

247 '67671288 

248 '67945205 
249 '6821917 S 
260 '68498161 



Days. 


Years. 


Days. 


Years. 


Days. 


251 


•68767123 


301 


•82465753 


361 


252 


•69041096 


302 


•82739726 


352 


253 


-69315068 


303 


83013699 


363 


254 


•69589041 


304 


•83^87671 


354 


255 


•69863014 


305 


•83561644 


365 


256 


•70136986 


306 


•83835616 


356 


257 


•70410959 


307 


-84109589 


357 


258 


•70684932 


308 


•84383662 


358 


259 


•70958904 


309 


•84667634 


359 


260 


•71232877 


310 


•84931507 


360 


261 


•71506849 


311 


-85205479 


361 


262 


•71780822 


312 


-86479462 


362 


263 


-72054795 


313 


-85753426 


363 


264 


-72328767 


314 


•86027397 


364 


265 


-72602740 


315 


•8ti301370 


366 


266 


•72876712 


316 


•86575342 




267 


•73160685 


3i7 


•86849315 




268 


•734-24658 


318 


•87123288 




269 


•73698630 


319 


•87397260 




270 


•73972603 


320 


•87671233 




271 


•74246576 


321 


•87945205 




272 


•74620648 


322 


-88219178 




273 


•74794521 


323 


•88493161 




274 


•75068493 


324 


•88767123 




275 


•75342466 


325 


•89041096 




276 


•75616438 


326 


•89315068 




277 


-76890411 


327 


•89689041 




278 


-76164384 


328 


•89863014 




279 


•76438356 


329 


•90136986 




280 


•76712329 


330 


•90410959 




281 


•76986301 


331 


-90684932 




282 


•77260274 


332 


•90958904 




283 


•77534247 


333 


•91232877 




284 


•77808219 


334 


•91606849 




286 


•78082182 


335 


•91780822 




286 


•78356164 


336 


•92064796 




287 


•78630137 


337 


•92328767 




288 


•78904110 


338 


-92602740 




289 


-79178082 


339 


•92876712 




290 


-79462056 


340 


•93160685 




291 


•79726027 


341 


•93424668 




292 


-80000000 


342 


-93698630 




293 


•80273973 


343 


•93972603 




294 


•80647945 


344 


•94246676 




296 


•80821918 


346 


•94520548 




296 


•81096890 


346 


•94794621 




297 


•81369863 


347 


•96068493 




298 


•8164SSS6 


^^\S 


:96342466 




299 l-8i9n&oa 


\u^ V^^^l^^'^^X \ 


300 


(-821917 SI 


\Zh^ 


\-^^%^^^\\ \ 



Years.' 
96164384 
96438356 
96712329 
96986301 
97260274 
97534247 
97808219 
98082192 
98366164 
98630137 
98904110 
99178082 
99462055 
99726027 



\ 



V 



Table III,— Trot Wwobt. Tabl* V/.—Arbmovioa. 



ALb.Uieliitegfit. 


DMitoBlPartaor 
I lb. T107- 


Alb.BiaIiit«gtir. 


DeoimBl Pirte. 


1 grain . 


Ib. 0-0001736 


1 drachm 


lb. 0-0039062 


2gTama. 






00031T2 
0005^08 


2 drathms 






0078125 
0117187 


4g.,"orl'carat, 






000G914 


i " 








0156250 


2 carats . 

3 „ . 

4 „ ■ 

5 ,. . 






0013889 
0020833 
0027778 
0034722 


s 

8 








0195312 
0234375 
0273437 
0312S0O 


c, or 1 dwt 






OOiieST 










0361562 


2dwU. . 
3 „ . 






0083333 
0126000 


10 „ 
11 








033082S 
0429887 


6 ]', '. 
6 „ . 
T ,. . 
8 „ . 






0106087 
0203333 
0250000 
0291607 

0375000 


12 

n ','. 

15 „ 

16 d., or 

2 02. 


oz 






0408750 
0507812 
054887S 
0585937 
0625000 
1250000 


10 ", '. 






0418087 
016S333 


3 

i 










1875000 
2500000 


12 ," '. 






0500000 


5 










3125000 


13 „ . 






0541667 


e 










3750000 


H „ . 






0583333 


7 










4375000 


15 „ . 






D6250DD 


8 










5000000 


18 „ . 






0666667 


9 










5625000 


17 ,, . 






0708333 


10 










6250000 


IS „ . 






Q75DD0D 


11 










6875000 


19 „ . 






0791667 


12 










7500000 


20 dwtB-, or 1 
2oz. 






0833333 
1666667 
2500000 


13 
14 
15 










8125000 
8730000 
D375000 


i 








3333333 


16 oa., or 1 lb. 




1 0000000 1 


5 








4166667 
5000000 








7 








5833333 




8 










NoTK.-Tflble IT. in Avoirdupois 


9 








7500000 




10 










and Table V. ia constrocted tor largo 


11 








9188867 




12 






1-0000000 





TiKLB v.— Atoiei>dpoi8. Tablb VI.— Cbbmibts' Wwohi. 

AOwtthBlnt^er. l>«™^«t»of a Lb. Ua lotegM. Cedmal Parte. 



aOU034S 
0000097 
0001046 
0001395 
00017*3 
0002092 
■0002441 
■0002790 
■000313B 
D0D3487 



0010741 
0022321 
0027901 



007264' 
0078125 
0083705 
0D80285 
■017857: 
■020785; 
0357142 
044B428 
■0535T1 



D982U2 
1071428 
1100714 
12SO0OO 



2 Bcmplea 

3 ditto, or 1 dr. 
2 dmchmB 



lb. 0-0001736 
0003472 
0005208 



Tabu TH 


-LONO UUBDKI. 


TiBLi Tni.— CtoTK Hsuima. 


A.MlletheIntfc°r.|Qeii 


IDAlPutl. 


AYMd(bB]41t«g*r. 


I>Mimiil Farta. 


1 barleyooru . x.O 


0000052 


inch 


yd. 0-0069444 


1 barleyconlii . 


0000105 






-0138889 


3 ditto, or I 








-0208333 


iuDh . 


0000157 


;; 




■0277777 






0000315 


2 .. 




■055556S 




or 1 


0000473 


1 nuil 

2 naila 




■0625000 
■1260000 


hkod 




OOODCSI 


3 ,. 




■1875000 


5 inches 




0000789 


4 ,, or I quarter 


■2500000 






0000947 




■6000000 






0001104 


3 ,. ■ ' 


■7500000 


10 ,'! 




0001202 
0001420 
000157B 
0001736 

0001894 


4 ., or 1 i-ard 


1 -0000000 


or { 


Tabli IX.— Ale, Bezh, Sfieit, 
And Wixb Measure. 


AQflUon the Integer. 


DenimairartB. 






000378B 
OO056H2 






3 „ or 


yard 


1 gill . . . 


eal. 0-0312500 


2yarf. 




0011364 
0017046 


2 gilU . . . 


'0625000 
-0937500 






0022727 


4 "„ or 1 piAt \ 


-1250000 


5i ;: 


\ 


0028409 


2 pints, or 1 quart . 


-2500000 


I pole 


\ 


0031260 


2 quarta . 


■5000000 


2pol«i 




0062500 


3 „ . 


■7500000 






0093750 


4 ., or 1 saJlon 


lOOOOODO 


4 polea, or 1 1 






landchflin . 
2 chtuns . . 1 


0125000 
0250000 
0376000 
0500000 
0626000 


TaIilb S.-Dhv HIeasuee. 






AQnmt^rthalntfgor, | Deoimal Psrts. 


1 pint 


qr. 0'0019531 






07S0000 


2 pints, or 1 quart . 


■003B062 






0876000 


2 qta„ or 1 pottle . 


■0078126 






1000000 


2 pottles, or 1 gallon 


-0166260 






1125000 


2 gallons, or 1 peck 


■0312600 


10 ',! ' or 1 1 




2 pecks . . . 


-0626000 


furlong . 


1250000 


3 „ . . . 


■0937600 




2500000 


4 „ or 1 bushel 


■1250000 




3760000 


2 busheU 


■2500000 




5000000 


3 „ . . 


■3750000 




6250000 




■5000000 




7600000 


5 „ . . 


-6250000 


B " or i 


87SOO0O 


7 '1 '. . 


-7600000 
■8760000 


mila . . 1 


0000000 


S ,. or 1 quarter 


1 '0000000 



216 french weights and measures. 

French Weights, Measures, and Money, with their 

English Equivalents. 

1. Weights. 

[The Frencli unit of weight is the Gramme = 15'432325 
grains English. It is the weight of a cubic centimetre of 
distilled water.] 

Milligramme = 1000th of a gramme . . . ^ *01543 grains English. 
Centigramme := 100th ,, 

Decigramme = 10th „ 

Gramme 

Decagramme = 10 grammes 

Hectogramme := 100 „ 

Kilogramme =: 1000 „ 

Myriagramme= 10000 „ = 321f oz. ,,=22-046 

*»* 61 Kilogrammes make 1 cwt. and very nearly J lb. besides. 



. .=-1543 „ 

. =1-5432 „ 

. = 15-4323 „ 

= 164-3232 „ 

= 1643-2325 „ 

= 32joz. Troy=2-2046 lbs. av. 



To convert Avoirdupois into metrical weight. 

1 grain = 0*0648 grammes. 

1 dram = 1-7718 „ 

1 ounce = 28-3495 „ 

1 poimd = 0*4536 kilogrammes. 

1 stone = 6*3603 „ 

1 quarter = 12*7006 „ 

1 hundredweight = 60*8024 „ 

Iton = 1016*0475 „ 



To convert T^oy into metrical weight, 

1 grain = 0*0648 grammes. 

1 pennyweight = 1*5552 „ 

1 ounce = 31*1035 „ 

1 pound = 0*3732 kilogrammes. 



2. Measxtbes. 

Length. 

[The French unit of linear measure is the Metre = 
39-3708 inches. It is the 10 millionth part of the arc of the 
meridian from the equatoi to the ^jole. J 
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Millimetre 
Centimetre 
Decimetre 
Metbe 
Decametre 
Hectometre 
Kilometre 
Myriam^tre 



1000th of a m^tre 
100th 
10th 






10 metres 
100 „ 
1000 „ 
10000 „ 



. = -03937 inches. 
. = -39371 „ 
= 3-93708 „ 
= 39-3708= 3-2809 ft. 
= 32-809 ft. = 10-9363 yds. 
= 328-09 ft. = 109-363 yds. 
= 1093-63 yds.= -62138 miles. 
= 10936-33 yds.= 6-21382 miles. 



Note 1 . — Since the fraction f is equal to the decimal -626, the French 
kilometre differs but little from the |ths of an English mile ; the differ- 
ence heing -626 — -62138 = -00362, which is less than the -ni^th, or 
the Tlrrth of a mile ; so that by estimating a kilometre at jihs of an 
English mile, we make an error, in excess, of less than 1 mile in 250 



miles. For the ordinary purposes of comparison there- 
fore we may regard 8 kilometres as equal to five miles ; 
so that the distance between any two places, expressed in ____^ 
kilometres, may be converted mto English nules, near gv nnn 
enough for general itinerary objects, by multiplying the ' 
number of kilometres by 5, and then dividing the product 
by 8 ; as in the instance in the margin, where we see 
that 40 Idlometres make 25 miles. 



40 kilos. 
5 



25 miles. 



2. Certain French linear measures have been abolished since the year 
1840. The principal of these are the following, frequently mentioned 
in books anterior to that date. 

The French inch (pome) =: 12 lines {lignea) = 1-094 inches, 
foot (pied) = 12 pouces . . = 13-124 „ 
toise = 2 metres =: 6 pieds . . = 6-5618 feet. 



9> 



» 



The old French itinerary league (Jieue) was 2*4222 English 
miles ; that is, 2?- miles very nearly. 

To convert English into metrical measures of length. 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



inch 

link 

foot 

yard 

fathom 

pole or rod 

chain 

furlong 

mile 

nautic mile 



0-0254 metres. 
0-2012 



0-3048 
0-9144 
1-8288 
6-0291 
20-1164 
20M644 



ft 

If 



1-6093 kilometres. 
1-9119 



»> 



Surface. 
I^The French imit of superficial measure is the Aee = 

L 
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119-603 sq. yds. It is tiie square of 10 metres ; that is, of a 
decametre.]] 

Ceiitiaie= 100th of miicnr= l8qiiareiiiHzez= 1-196 sq. yds. 

Am = 119-603 „ 

De»re = 10 ares =: -2471 acres. 

Hectare= 100 ares = 2*4711 „ 

To eontert English into wtelrical spiare measures. 

1 aq. inch = 6*4614 aq. oentim^trea. 

1 „ foot = 9-2900 aq. dedmdtrea. 

1 ., yard = 0*8361 aq. mMrea. 

1 „ pole = 25*2919 „ 

1 rood = 10*1168 area. 

1 acre = 0*4047 hectares. 

1 square mile = 258*9894 



» 



Capaeiiy. 

[The French unit of capacity is the Litre = 61*02705 
cubic inches. It is the cube of one-tenth of a metre, that is^ 
of a decimetre.] 

Mimtre = lOOOih of a litre = 1 cubic centimetre = -06103 cab. in.. 
Centilitre = lOOth „....= *6103 „ 

Decilitre z= lOth , = 6*1027 „ 

IjITBB ... . . . . = 61*02705 „ 

Decalitre = 10 litres . . . . { ^^^tfofg^ois, 
HectoUtre=: 100 litres . . . =3*53166 cub. ft. = 220097 gal. 
Kilolitre = 1000 „ = a c. m^tre = 35*31658 „ =220*0967 „ 
Myri^tre=10000 „ . . = 3531658 „ = 2200*9668 „ 

In the measurement of solids, a cubic m^tre is called a st^re, a 10th 
part of which is a dedst^re, and 10 stores are a decast^. 

To convert English into metrical measures of capacity, 

1 gill = 0*1420 Utres. 

1 pint = 0-5679 

1 quart = 1-1359 

1 gallon = 4-5435 

1 peck = 9-0869 

1 bushel = 36-3477 

1 quarter = 2-9078 hectolitres. 

To convert English into metrical measures of solidity^ 

1 cubic inch "=. 16-3862 c. centimbtres» 

1 cubic foot = 28*3153 c. d^cimHres. 

i cubic yard = 0-7645 c. metres. 
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It will be seen, from the preceding Tables of Weights and 
Measures, that the Metre, the unit of length, is an element 
entering into even the system of weights, as well as into 
linear, superficial, solid, and quantitative measurements. It 
is on this account that the French system of weights and 
measures is called the Meteical System : it is at the same 
time a Decimal system ; because, proceeding from the funda- 
mental unit, the ascending gradations are uniformly at a 
tenfold rate, £ind the descen(£ng gradations are uniformly 
by tenths. 

The money denominations too, as will appear from the 
Table next following, are likewise according to the decimal 
system. Accounts, however, are usually kept, not in francs, 
decimes, and centimes, but in francs and centimes only. 



0«. 


•09id. 


0«. 


•94<f. 


0«. 


9'^d. 


Zs. 


lid. 


78. 


lid. 


158. 


lOd. 



3. Money. 

[The French unit of money is the Franc = 9*4 pence 
sterling.] 

Centime z=z 100th of a franc . 
Dccime = lOth „ 

Fbanc . • . 
6 franc piece (silver, and gold) 
10 franc piece (gold) 
20 franc piece or Napoleon (gold) 

5 Among the money denominations now disused, were the 
or Sou, half a decime, or the 20th part of a franc ; the 
JEcu = 6 francs ; and the Louis d^ Or = 24 francs. The franc 
was formerly called a livre. It is proper to add, however, 
that the half-decime continues to be a current coin, and bears 
the inscription cinq centimes (five centimes), and that it is 
still commonly called a «ow.] 

Note. — In the ahove Table, the value of each of the several French 
coins, in English money, is the intrinsic value ; that is, the value as 
respects the weight and fineness of the metal ; but the exchangeable 
values of the coins of the one country for those of the other are regulated 
by additional considerations, — political and commercial. The £1 or 
20«. sterling, exchanges, in general, for only 25 francs, which is less 
than would be given according to the foregoing Table. This number, 
26, facilitates the conversion of francs into their exchangeable equiva- 
lent in pounds, and the converse ; inasmuch as that to divide a num- 
ber by 26 is the same as to multiply the number by 4 and then divide 
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the product by 100, this latter division being effected by merely point- 
ing off the last two figures for decimals. We thus have the following 
Kules. 

Rule I. — To convert francs into their equivalent in pounds 
sterling. Point off the last two integral figures for decimals, 
and then multiply the nimiber by 4 : the product will express 
the equivalent in pounds. 

Rule H. — To convert pounds sterling into their equivalent in 
francs. Add two ciphers to the integer number denoting the 
pounds, and then divide by 4 : the quotient will express the 
equivalent number of francs. 

Note. — ^It is to be understood that the number, denoting the francs, 
to be converted into pounds, does not itself involve decimals of a franc : 
if it do, the pointing off of the last two integral figures will be the 
advancing of the decimal point two places to the left. 

The number, too, denoting the'pounds, to be exchanged for francs, is, 
in like manner, considered to be an integral number ; but if it involve 
decimals of a-poimd, the decimal point is to be removed two places to 
the right ; the wanting place, if there be but one place of decimals in 
the pounds, is to be supplied by a cipher. We shall give an example of 
two of these conversions. 

1. How many pounds are there in 2500 francs P 

25*00 X 4 = £100, the Ans. 

2. How many poimds are there in 3684 francs ? 

36-84 X 4 = £147-36 = £147 7*. 2irf., the Ans. 

3. How many francs are there in £120 ? 

12000 -T- 4 = 3000 fr., the Ans. 

4. How many francs are there in £147*36 ? 

14736 -7- 4 = 3684 fr., the Ans. 

5. How many francs are there in £238-648? 23864-8 -7- 4= 6966*2 fr. 

= 5966 francs, 2 decimes, or 5966 francs, 20 centimes. Ans. 

The foregoing are the common Rules for reducing francs 
to pounds, and pounds to francs : we shall now give a differ- 
ent mode of proceeding ; one which will be f oimd to be more 
especially convenient when the sums proposed are of but 
small amount. 

Since 25 francs = 20«., it follows that any number of 
francs are equivalent to that same number of shillings 
diminished by one-fifth of the number; and that any num- 
ber of shillings are equivalent to that nimiber of francs 
and one-fourth of the number more. Thus : — 



FBENCH MONET. 221 

1. 125 fr. = 125 - 25 shillings = 100*. 2. 37 fr. = 37«. -"Tf*. = 
29|*. = £1 98. 7id, 3. (Ex. 2 above.) 3684 fr. = 36845. — 
736f*. = 2947J*. = £147 7*. 2frf. 4. 20 fr. = 16*. 6. 25 fr. 
= 20*. 6. 1 fr. = 1*. - is, z= 9fef. 

Again 1 . 14*. = 14 fr. + 3J fr. = 17 fr. 50c. 2. 17*. = 17 fr. + 4J fr. 
= 21fr. 25c. 3. £5 = 100*. = 125 fr. 4. £19 = 380*. = 380 fr. 
+ 95 fr. = 475 fr. 6. 13*. 6d, = 13J fr. + 3J fr. = 16J fr. = 
16 f r. 87jc. 6. 1*. =: 1 J fr. = 1 fr. 25c. And even from this the 
equivalent of any number of shillings may be readily found : 
thus, 14*. = 14 fr. + 250c. + 100c. = 17 fr. 50c. ; by regard- 
ing 14 times 25c. as 10 times and 4 times. 

To what lias now been said respecting the comparative 
values of the French and English coins, we may add, for the 
practical purposes of visitors to France, that in all the ordi- 
nary money transactions of every-day life, ten centimes count 
as one penny, and five as one halfpenny : thus, 75c. = l^d. ; 
25c. = 2J<? ; 15c. = l^d. ; and so on. 
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Humberts Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A.-M. Inst 
C.E., and M. Inst M.E. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood* 
cuts, and containing 400 pages of Text. Imp. 4to, 6/. 6x. elegantly 
and substantially half-bound in morocco. 

List of Contents ;— 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns.—* 
II. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
Evaporation. — IV. Springs and the water* 
beanng formations of various districts.— 
V. Measurement and Estimation of the 
Flow of Water.— VI. On the Selection of 
the Source of Supply. — VII. Wells.— 
VIII. Reservoirs,— IX. The Purification 
of Water.— X. Pumps. — XI. Pumping 



Machinery.-XII. Conduits.— XIII. Dis- 
tribution of Water.— XIV. Meters, Ser- 
vice Pipes, and House Fittings. —XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
—XVII. Description of Plates.— Appen- 
dices, living Tables of Rates of Supply, 
Velocities, &c. &c., together with Specifi- 
cations of sevo^ Works illustrated, amoiu| 
which will be found : — ^Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and other;. 



" The most systematic and valuable work upon water supply hitherto ]Mnduced in 
English, or in any other language .... Mr. Humber's work is characterised sdmost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English technical treatises."— £'ff,^YM/rr. 

Humbef^s Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 

WROUGHT-IRON BRIDGE CONSTRUCTION, including 

Iron Foundations. In Three Parts— Theoretical, Practical, and 

Descriptive. By William Humber, A. -M. Inst C. E., and M. Inst 

M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to, 

6/. i6j. dd. half-bound in morocco. 

" A book— and particularly a large and costly treatise like Mr. Humber'f— which 
has reached its third edition may certainly he said to have established its own 
reputation. "—Ettg I'neering . 
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Humbef^s Modern Engineering. 

A RECORD of the PROGRESS of MODERN ENGINEER. 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Brid^ and other Engineering Works, &c. By 
William Humber, A.-M. Inst C.E., &c Imp. 4to, with 
36 Double Plates, drawn to a large scale, and Portrait of John 
Hawkshaw, C.E., F.R.S., &c, and descriptive Letter-press, Speci- 
fications, &c. 3/. 3^. half morocco. 

List of the Plates and Diagrams. 
Victoria Station and Roof, L. 6. & S. 
C. R. (8 plates) ; Southport Pier (2 plates); 



Victoria Station and Roof, L. C. & D. and 
G. W. R. (6 plates) ; Roof of Cremome 
Music Hall ; Bridge over G. N. Railway ; 
Roof of Station, Dutch Rhenish Rail (2 



plates) ; Bridge over^ the Thames, West 

London Extension Railway (^ plates) ; Ar- 

Suspension Bridge, Thames 



lage 
; Suspension 



ndon Extension Railway 
mour Plates 

(4 plates) : The AHen Ennne 
Bridge, Avon (3 plates;; Undeisrotmd 
Railway (3 plates). 

IIUMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &C., and descriptive Letterpress, Specifications, 

&c. 3/. y, halt morocco. 

List of the Plates and Diagrams. 



Birkenhead Docks, Low Water Basin 
(15 plates); Charine Cross Station Roof, 
C. C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Way ; Clydach Viaduct, Merthyr, Tre- 
degar, and Abergavenny Railway ; Ebbw 



Viaduct, Merthyr, Tredegar, and Aberga- 
venny Railway; College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C. and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 



HUMBERTS RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. MKDlean, 
Esq., late Pres. Inst C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3^. half morocco. 

List of the Plates and Diagrams, 
Main Drainage, Metropolis.^ — | Branch (2^ plates) ; Outfall Sewer^ Reser* 
North Side. — Map showing Interception 
of Sewers ; Middle Level Sewer (2 plates); 



Outfall Sewer, Bridge over River Lea (q 
plates); Outfall Sewer. Bridge over Marsh 
Lane, North Woolwich Railway, and Bow 
and Barking Railway Junction ; Outfall 
Sewer, Bridge over Bow and Barking 
Railway (3 plates); Outfall Sewer, Bridge 
over Eiast London Waterworks' Feeder 
(2 plates); Outfall Sewer, Reservoir (2 
plates); Outfall Sewer, Tumbling Bay 
and Outlet; Outfall Sewer, Penstocks. 
South .S'zV^.— Outfall Sewer, Bermondsey 



voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist J Sections of Sewers (North 
and South Sides). 

Thames Embankment. — Section of 
River Wall ; Steamboat Pier, Westminster 
(2 plates) ; Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (2 plates) ; Overflow and Oudet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates) ; Junc- 
tion of Sewers, Plans and Sections ; Gullies, 
Plans and Sections ; Rolling Stock ; Gra- 
nite and Iron Forts. 



HUMBERTS RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowkar, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3^. half morocco. 

List of the Plates and Diagrttms. 



Abbey Mills Pumping Station, Main 
Drainage, Metropolis (4 plates) ; Barrow 
Docks (5 plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (a plates) ; 
Adam's Locomotive, St. Helen's Canal 
Kailwaiy (2plate'i) ; Cannon Street Station 
Roof, Channg Cross Railway (3 plates) ; 
Road Bridge over the Kiver Moka (a 
plates); leie^raphic Apparatus foiMcso- 



Dotamia ; Viaduct over the River Wye, 
Midland Railway (3 plates): St. German's 
Viaduct, Cornwall Railway (a plates): 
Wrought- Iron Cylinder for Diving Bell ; 
Mill wall Docks (6 plates) ; Milroy'sTatent 
Excavator, Metropolitan District Railway 
(6 plates); Harbours, Ports, and Break- 
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Strains in Iron Frameworks^ &c. 

GRAPHIC AND ANALYTIC STATICS IN THEORY AND 
COMPARISON. Their Practical Application to the Treatment 
of Stresses in Roofs, Solid Girders, Lattice, Bowstring and Sus- 
pension Bridges, Braced Iron Arches and Piers, and other Frame- 
works. To which is added a Chapter on Wind Pressures. By R. 
Hudson Graham, C.E. With numerous Examples, many taken 
from existing Structures. 8vo., 16^. cloth. 
" Mr. Graham's book will find a place wherever graphic and analytic statics are 
used or studied." — Engineer. ^ 

*' This exhaustive treatise is admirably adapted for the architect and engineer, 
and will tend to wean the profession from a tedious and laboured mide of calcula> 
tion. To prove the accuracy of the graphical demonstrations, the author compares 
them with the analytic formulae given by Rankine." — Building News. 

Strength of Girders. 

GRAPHIC TABLE for FACILITATING the COMPUTA- 
TION of the WEIGHTS of WROUGHT-IRON and STEEL 
GIRDERS, &c., for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst. C. E. On a Sheet, 2s, 6d. 

Strains yFormulce & Diagrams far Calculation of 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formubeand Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMBER, A.-M. lust. C.E., &c. Third Edition. Cr. 8vo, 7^. 6d, cl. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 Plates. Royal 8vo, 5x. doth. 

"The student cannot find a better book on this subject thanMr. ^&\.6&' .**— Engineer. 

Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERLALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. By Peter Barlow, F.R.S. 
Revised by his Sons, P. W. and W, H. Barlow. Edited by 
W. Humber, A.-M. Inst. C.K 8vo, \%s, doth. 
" The standard treatise upon this particular VQSi^^cX^--Engweer, 

Strength of Cast Iron^ &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. Tredgold, C.E. 5th Edition. 
To which are added, Experimental Researches on the Strength, 
&c., of Cast Iron. By E. Hodgkinson, F.R.S. 8vo, 12s, doth. 
*^* HoDGKiNSON*s RESEARCHES, Separate, price 6f. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
and Water Supoly. By J. Neville, C.E., M.R.LA. Third 
Edition, Revised and Enlarged. Crowa Svo^ iv« <:>V;^^« 
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Hydraulics, 

IIYDRAUI.IC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations 
and Field Operations. By Lowis D*A. Jackson. Fourth 
Edition. Rewritten and Enlarged. Large Crown 8vo. i6j. cloth. 
** We heartily recommend this volume to all who desire to be acquainted with the 
latest development of this important subject." — Engineeritig, 

** 'I'he standard work in this department of mechanics. The present edition has 
been brought abreast of the most recent practice." — Scotsman. 

River Engineering. 

RIVER BARS : The Causes of their Formation, and their Treat- 
ment by 'Induced Tidal Scour,' with a Description of the Successful 
Reduction by this Method of the Bar at Dublin. By I. J. Mann, 
Assis. Eng. to the Dublin Port and Docks Board. Rl. 8vo. 7j, dd, cl. 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Uying 
out Circular Curves. With 7 Plates and numerous Woodcuts, ovo, 
8j. dd, doth. ** Trautwine on Curves, separate, 5^. 

Practical Tunnelling. 

PRACTICAL TUNNELLING : Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbenng, 
and the Construction of the Brickwork of Timnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30X. cloth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. B)r Henry Law, M. Inst C.E. 
Including a Treatise on Hydraulic Engineering, by George R. 
BuRNELL, M.I.C.E. Seventh Edition, Revised, with large addi- 
tions, by D. Kinnear Clark, M. Inst. C.E. 7j, 6d?., doth. 

GaS'Lighting. 

COMMON SENSE FOR GAS-USERS i a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engmeers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2j. 6</. 

Earthworks 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
0/ Einbankments, Cuttings, &c., of Heights or Depths -up to an 
a verage of 80 feet By J oseph "B^okdbent^ C. E. , and Francis 
Campjn, C.E. Cr. 8yo, oblong, S«« ^"^^^ 
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Tramways and their Working. 

TRAMWAYS : THEIR CONSTRUCTION and WORKING. 

Embracing a Comprehensive History of the System, with an 
Exhaustive Analysis of the various modes of Traction, including 
Horse-power, Steam, Heated Water, and Compressed Air ; a 
Description of the Varieties of Rolling Stock, and Ample Details 
of Cost and Working Expenses ; the Progress recently made in 
Tramway Construction, &c, &c. By D. Kinnear Clark, M. 
Inst C. E. With over 200 Wood Engravings, and 13 Folding 
Plates. 2 vols. Large Crown 8vo, 30J. cloth. 

" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work 'Railway Machinery.'" — The Engineer, 

" The work is based on former tramway experience, and is specially valuable in 
these days of rapid change and progress." — Engineering, 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. By D. 
Kinnear Clark, M.I.C.E. Second Edition. i2mo, 4J. cloth. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 

GOODEVE, M.A., Barrister-at-Law, Author of "The Principles 

of Mechanics," "The Elements of Mechanism," &c. Fifth 

Edition. With numerous Illustrations. Crown 8vo, 6^. cloth. 
*' Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself." — Mining JoumaU 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alban. Translated from the German, with Notes, by Dr. Pole, 
F.R.S. Plates. 8vo, i6y. 60^., cloth. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 5th Edition. Sewed, td, 

*' If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their TZx\ty,**-~English Mechanic, 

Mechanical Engineering. 

DETAILS OF MACHINERY : Comprising Instructions for the 
Execution of various Works in Iron, in the Fitting-Shop, Foundry, 
and Boiler- Yard. By FRANCIS C AMPIN, C.E. 3^. dd, cloth. 

Mechanical Engineering. 

MECHANICAL ENGINEERING : Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manu- 
facture of the Steam Engine, &c By F. Campin, C.E, 3^. cloth. 

JVorh of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. ByF. Campin, C.E. i2mo, 3^. 6^. cl. brds. 

Iron BridgeSy Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDE.RS., 
ROOFS, AND OTHER WORKS. "B^YXftJU^l^^ C,^.\'»ssa^->^^ 
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Bridge Construction m Masonry ^ Timber ^ & Iron, 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION IN MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, 2/. I2J. 6^ haS*- morocco. 
" A vork ofthe present nature by a man of Mr. HaskoU's experience, must prove 
invaluable. The tables of estimates considerably enhance its value." — Engi$uermg. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Geo. Watson 
Buck, M. I. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I. C.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H. Barlow, M.I. C.E. Royal 8vo,i2j. cloth. 

" The standard text book for all engineers r^ardhig skew axch/ei.**'— Engineer. 

'Oblique Arc Jus. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. 3rd Ed. Imp. 8vo, &r. cloth. 

Boiler Cofistruction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Boiler Construction. By Nelson Foley, Cardiff, late Assistant 
Manager Palmer's Engine Works, Jarrow. With 29 full-page 
Lithographic Diagrams. Folio, 21s, half-bound. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M. S. E. Sixth Edition. Including A KEY TO THE 
LOCOMOTIVE ENGINE. With Illustrations. Cr.8vo,4f.6</.a 
" Mr. Reynolds has supplied a want, and has supplied it well." — Engineer. 

The Engineer^ Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By M. Reynolds. Crown 8vo, 4^. ^, 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds. Second Edition, Revised and Enlarged. With Plates and 
Woodcuts. Crown 8vo, 4J. 6d, cloth. 

Engine-Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Engine-Drivers. By Michael 
Reynolds. Eighth Thousand. Crown 8vo, 2J. cloth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Practical Treatise on 
tht several Systems in Use in l\ie \3mled Kingdom ; their Construc- 
tion and Performance. Wit^ii co^\Q\]&^\^^xa)kcR& ond nnmerons 
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Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C.E. y. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c,, &c 
By Charles F. T. Young, C.E. Demy 8vo, i/. 4f. cloth. 

Trigonometrical Siirveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most usefiil Pioblemsiii Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications, Fourth Edition, Enlarged, and 
partly Re-written, By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, i6j. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 2cx> Radius. By Alexander 
Beazeley, M. Inst. C.E. Third Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3^. dd, 
* EUich table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument.'* — En^^neer. 

** Very handy ; a man may know that all his day's work must fiill on two of these 
cards, which he puts into his own card-case, and leaves tlie rest behind." — 

Pioneer Engineering. lAtAenaum, 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A. I. C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5 J. cloth, 
*' A w(M:kmanlike production, and one without possession of which no man ^ould 
start to encounter the duties of a pioneer engineer." — Atkenaum, 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling, Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. DAVIS Haskoll, C.E. 
Numerous folding Plates. In I Vol., demy 8vo, \l. 5^,, cL boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
By J. H. Watson Buck, M. Inst. C.E., &c. Illustrated with Fold- 
ing Plates. Royal 8vo, I2j. cloth. 
" Many of the methods given are of extreme practical value to the mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. 'W«cicnaxiAT^^<b\^Qi^ \.^ 
the profession, and to all who have to buiW simW^ur sYva^l?.."— Builditti N«n»*. 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 
Levelling, Setting-out and in Route Surveys of Travellers by Land 
and Sea. With Tables, Illustrations, and Records. By Lowis 
D*A. Jackson, A.-M.I.C.E. Author of ** Hydraulic Manual and 
Statistics," &c Large crown 8vo, I2J. 6^., cloth. 
" Mr. Jackson has had much and varied experience in field work and some know- 
ledge of bookmaking, and he has utilised both these acquirements with a very useful 
result. The volume covers the ground it occupies very thoroughly." — Engineering. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc M. Inst C.E. Second Edition, 
Revised and Enlarged. 3J. dd.^ cloth boards. 
"This book contains all that such a treatise can be expected to contain, and is 
soimd and trustworthy in every particular." — Builder. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL- GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlarged, by W. Richards, C.E. i2mo, 5j. doth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S. Hughes. 4^. 6</. cloth. 

Coal and Speed Tables. 

POCKET BOOK OF COAL AND SPEED TABLES : for 
Engineers and Steam-Users. By Nelson Foley, Author of 
** Boiler Construction." {Nearly ready. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of ** A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.CE. With extensive 
additions on Recent Pmctice in the Combustion and Economy of 
Fuel — Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, M. Inst. C.E. Second Edition. 4/. cloth. 

" Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Engineer, 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 

Two Parts. I. The Art of Constructing Common Roads. By 

Henry Law, C.E. Revised and Condensed. II. Recent 

Practice in the Construction of Roads and Streets : including 

Pavements of Stone, Wood, and Asphalte. By D, Kinnear 

Clakk, M. Inst C.E. Second Edit, revised. i2mo, ^s. doUi. 

"A hook which, every borough survtyor and «xii>xi«er must possess, and of cond- 

enble service to ai^tects, boUders, and piovett^ ^'*i^^:^'*'--'Bui£o££p«f //mm. 
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Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, 
M. Inst. C.E. With Illustrations. i2mo. 35. 6d, cloth boards. 
" The student cannot fViil to projfit largely by adopting tms as his preliminary text- 
book.**— /re;* and Coal Trades Review, 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the TheodoHte, Casting out and Re- 
ducmg Levels to Datum, and Plotting Sections in the ordmary 
manner; Setting out Curves with the Theodolite by Tangentisd 
Angles and MiHtiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlai^ed. Cr. 8vo. izr. doth. 
** The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, the 

genuine traverse tables existmg all the same." — Aiherueuttu 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E. With numerous Diagrams. l8mo, %s. 6d. doth. 
" As a really handv book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will fmd a great amount of prracdcal information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — ArtUan, 

Drawing for Engineers. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Enghieering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Fifth Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 4^. 

*• A copy of it should be kept for reference in every drawing office."— -^^n^mVi^. 

*' Indispensable for teachers of engineering drawing.'*— Afir^AanttTf* MagoMint, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 

Records, Editor of ** Ure*s Dictionary of Arts." l2mo, dr. cl. bds. 

" The best small technological dictionary in the language." — Architect, 

" The absolute accuracy of a work of tms character can only be judged of after 

extensive consultation, and from our examination it appears very correct, and very 

complete."— iJ/wwt^ journal. 
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MINING, METALLURGY, ETC. 

♦ 

Metalliferous Mmiiig. 

BRITISH MINING. A Treatise on the History, Discovery, 

Practical Development, and Future Prospects of Metalliferous 

Mines in the United Kingdom. By Robert Hunt, F.R.S., 

Keeper of Mining Records ; Editor of ** Ure's Dictionary of Arts, 

Manufactures, and Mines," &c. Upwards of 950 pages, with 230 

Illustrations. Super royal 8vo. ;f 3 3^. cloth. \yiist published. 

"A sound, business-like collection of interesting facts. . . . ITie amount of 

information Mr. Hunt has brought together is enormous. , . . The volume 

appears likely to convey more instruction upon the subject than any work hitherto 

published." — Mining ypurnal. 

Coal a7id Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kjngdom, 8vo., £\ 8j. cloth. 

MetalliferoTis Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. ByD. C. Davies, F.G.S. With Numerous Wood 
Engravings. Second Edition, revised. Cr. 8vo, I2J. dd. cloth. 
*' Without question, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intelligibly." — Mining Journal, 

Earthy Minerals and Mining. 

EARTHY AND OTHER MINERALS, AND MINING. 
ByD. C. Davies, F.G.S. Unifoim with, and forming a com- 
panion volume to, the same Author's ** Metalliferous Minerals and 
Mining.*' With numerous Illustrations. [Nearly ready. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. 
Illustrated. Second Edition, revised. 3^, 6^. doth. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 

taining Outlines of the History of Iron Manufacture, Methods of 

Assay, and Analyses of Iron Ores, Processes of Manufacture of 

Iron and Steel, &c. By H. Bauerman, F.G.S. Fifth Edition, 

Revised and Enlarged. IWMSlmle^. V» ^'> cloth. 
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Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptiohs of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c. i2mo,4f. cloth. 

*^* Also, bound with Thoman's Tables. 7j. dd, (See page 20.) 

Coal and Coal Mining. 

COAL AND COAL MINING. By Warington W. Smyth, 

M.A., F.R.S., &c., Chief Inspector of the Mines of the Crown. 

Fifth edition, revised. \s, cloth. 

' " Every portion of the volume appears to have been prepared with much care, and 

as an outline is given of every known coal-jfield in this and other countries, as well as 

of the two principal methods of working, the book will doubtless interest a very 

larp^e number of readers." — Mining yournal. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michell. 8vo, iSj. cloth. 

Manual of Mining Tools. 

MINING TOOLS. By W. Morgans. Text, i2mo, zs. Atlas 
of 235 Illustrations, 4to, 6j. Together, 9/. cloth. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 

• 

Pocket Book for Naval Architects (^Shipbuilders. 

THE NAVAL ARCHITECTS AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. With 
numerous Diagrams. Fcap., I2j. 6^., strongly bound in leather. 
" Should be used by all who are engaged in tlie construction or design of vessels." 

— Engineer. 

" Mr. Mackrow has compressed an extraordinary amount of information into this 

useful volume." — Athenaum. 

Pocket'Book fof Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULAE FOR MARINE ENGINEERS. By Frank Proctor, 
A.I.N. A. Third Edition. Royal 32mo, leaUier, gilt edges, 4s, 

" A most useful companion to all marine engineers."^ £/»///</ Siitvice Gautte. 

" Scarcely anything required by a naval engineer appears to luive been for- 
gotten."— /fwf. 



\ 
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Grantham's Iron Ship-Building. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
DetaUs. By John Grantham, M. Inst C.E., &c Fifth Edition. 
40 Plates. Imp. 4to,bds., with separate Text, 2/. 2j. complete. 

Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; befaig a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S. A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text Svo, 2IJ. doth. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown Svo, ioj-. (td. cloth boards. 

Rudimentary Navigation, 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. Rosser. i2mo, 3J. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By Professor 
J, R. Young. New Edition. i2mo, 4^. cloth boards. 

Navigation {Practical) ^ with Tables. 

PRACTICAL NAVIGATION : consisting of the SaUor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated. i2mo, 7^. strongly half-bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The following books in Naval Architecture^ etc,^ are piblished in the 

above series, 

NAVIGATION and NAUTICAL ASTRONOMY IN THEORY 

AND PRACTICE. By Professor J. R. Young. New Edition. 

Including the Requisite Elements from the Nautical Almanac for 

Working the Problems. i2mo, 2f. 6^. cloth. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N. A. Fifteenth Edition. i2mo, 2J. (td, doth. 

SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By 

Robert Kipping, N.A. Illustrated. i2mo, 3/. cloth boiurds. 
NAVKL ARCHITECTURE. By James Peake. Fifth Edition, 
with. Plates and Diagrams. i2mo, 4;. cloth boards. . 
MARINE ENGINES, AND ST¥.^VL VESSELS. By Robert 
Murray, C.E. Eighth "Edison. \lnfrtfaration. 
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ARCHITECTURE, BUILDING, ETC. 
Construction. — • — 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A. 
Second Edition, revised, with 58 Engravings, price 7^. 6^. 
** A very valuable book, which we strongly recommend to all students.'* — Builder, 
" No architectural student should be wi&out this hand-book." — Archiieci. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. i2mo, ^s, cloth boards. 
*' A book which is always amusing and nearly always instructive. We are able 
very cordially to recommend all persons to read it for themselves. "'-Times. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Outiine Specifications and Estimates. By C. WiCKES, Architect. 
30 Plates, 4to, half morocco, gilt edges, i/. i^. 
*^^* An Enlarged Edition, with 61 Plates. 2/. 2s, half morocco. 

Useful Text-Book for Architects. 

THE ARCHITECT'S GUIDE : A Text-book for Architects, 
Clerks of Works, &c. By F. Rogers. Cr. 8vo, dr. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. WiGHTWiCK. 
New Edition. By G. H. Guillaume. i2mo, cloth, 4r. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments." — Architect, 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, 4to, 7^. dd. boards. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught-power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E. Crown 8vo, 35. dd. cloth. 

Builders and Contractor's Price Book. 

LOCKWOOD & CO. 'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and Labour, &c. Revised by F. T. W. Miller, 
A.R.I.B.A. Half-bound, 4J. 

Stone-working Machinery. 

STONE-WORKING MACHINERY, and the Rapid and Eco- 
nomical Conversion of Stone. With Hints on the Arrangement 
and Management of Stone Works. By M. Powis Bale, M. I. M. E. , 
A. M. I. C. E. \^^early reaay. 



14 WORKS IN ARCHITECTURE, BUILDING, ETC., 

Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (son 
of the late G. L. Taylor, Esq.) This is the only book which gives 
on a large scale, and with the precision of architectural measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detail Large folio, with 130 Plates, half-bound, 3/. 3J. 
*»* Originally published in two volumes, folio, at l8/. i&f, 

Vitruvms^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
rOLLIO. Translated by Joseph Gwilt, F.S.A., F.R.A.S. 
Numerous Plates. i2mo, cloth limp, 5^. 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prising VITRUVIUS, translated by Joseph Gwilt, F.S.A., 
&c., with 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; i2mo, 6j., half-bound. 
*»* The only edition of VITRUVIUS procurable at a moderate price. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Garbett. 
Numerous illustrations, i2mo, ds, half-bound. 

Civil Architecture. 

THE DECORATIVE PART of CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Illustrations, Notes, 
and an Examination of Grecian Architecture. By Joseph Gwilt, 
F.S. A. Edited by W. H. Leeds. 66 Plates, 4to, 21J. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson. Third Edition, Revised. i2mo, 6j. doth. 

Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Fourth Edition, Revised, with 330 illustrations. i2mo. 4^. cloth. 

yoints used in Buildings Engineerings &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 

construction of various kinds of Engineering and Architectural 

works, with especial reference to those wrought by artificers in 

erecting and finishing HabilaXAe StXMctures. By W. J. Christy, 

Architect. With 160 lUustra\\oiks, iimQ, v ^*» ^^^ boards. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. iix. dd, 
"In this work forty-four si>ecirications of executed works are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects." — Builder, 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15^. cloth. 

*»* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. — Extract front Preface, 

Designing, Measuring, and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS* WORKS; containing 
Directions lor taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valaation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 8 Plates and 63 Wood- 
cuts. Originally edited by Edward Dobson, Architect. Fifth 
Edition, Revised, with considerable Additions on Mensuration and 
Construction, and a new chapter on Dilapidations, Repairs, and 
Contracts. By E. Wyndham Tarn, M.A. 9^. [Just published, 

" The most complete treatise on the principles of measuring and valuing artificers 
work that has yet been published." — Building News, 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners* work. By A. C. Beaton, Second Edition. 
Waistcoat-pocket size. is. 6d. 

Beatoti! sBuilders^ and Surveyors' Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing an Expla- 
nation of the Terms used in Building Construction, Directions for 
Measuring Work, Useful Memoranda, &c. By A. C. Beaton. ix,6flr. 

The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What wiU it 
Cost to Build, Alter, or Repair? A Price-Book for Unprofes- 
sional People, Architectural Surveyors, Builders, &c. By the late 
James D. Simon. Edited by F. T. W. Miller, A.R,LB.A. 
Third Edition, Revised. Crown 8vo, y, 6d,, cloth. 
*' In two years it will repay its cost a hundred times OYtr.'*— Field. 



i6 WORKS IN CARPENTRY, TIMBER, ETC., 

CARPENTRY, TIMBER, ETC. 

— • 

TredgolcTs Carpentry, new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 

a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c, 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to, published at 2/. 2J., reduced to i/. 5^. doth. 
"A work whose monumental excellence must commend it wherever skilful cat- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time. The additional plates are of g^eat intrinsic value." — Building Nrofs, 

Grandy's Timber Tables: 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
& BUILDER'S STANDARD GUIDE. By R. E. Grandy. 
2nd Edition. Carefully revised and corrected. i2mo, 31. td, cloth. 



*' Everything it pretends to be : built up gradually, it leads one from a forest to a 
treenail, and t&ows in, as a makeweight, a host of material concerning bricks, columi 
cisterns, &c.— all that the class to whom it appeals requires."— iTM^'/Mi Mtchanic, 



Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crown Svo, 6j. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, y. 6d, doth. 

" Invaluable labour-saving X3Ai\es.**'—Iroftnum£er, 

Carriage Buildingy &c. 

COACH BUILDING: A Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, with Hints on the proper keeping of Carriages, 
&c. 57 Illustrations. By James W. jBurgess. i2mo, y. cloth. 

Hortorls Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c. ; Uneoual-sided, Square-»ded, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
Also a Table showing the solidly of hewn or eight-sided timber, 
or of any octagonal-sided column. By Richard Horton. 
Fourth Edit. WiUi Additions, i2mo, strongly bound in leather, 5x. 

Hortotis Underwood and Woodland Tables. 

TABLES FOR PLA'NTING AND VALUING UNDER- 
WOOD AND WOODLAND •,«\so\:m«ai,^>aL^rficial, Cubical, 
and Decimal Tables, &c. "By K Ho^to^* laxao^ ^sA'^J^'kc. 



PUBLISHED BY CROSBY LOCKWOOD & CO. 17 

Nicholsotis Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standa^ work. A new Edition, revised 
by Arthur Ashpitel, F.S. A., together with Practical Rules on 
Drawing, by George Pynb. With 74 Plates, 4to, i/. is, doth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any giyen Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By W. Dowsing. Third Edition. Crown 8vo, y. 

Practical Timber Merchant 

THE PRACTICAL TIMBER MERCHANT, beii^ a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c. By W. Richardson. Fcap. 8vo, 3^. td. cL 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. ByM. PowisBale, M.I.M.E. Crown 8vo, izs, 6d, cl. 



ff 



Mr. Bale is evidently an expert on the subject, and he has collected so much 
information that his book is all-sufficient for builders and others engaged in the con- 
version of timber. " — A rchiteci. 

" The most comprehensive compendium of wood-working machinery we have 
seen. The author is a thorough master of his subject." — Butlditig News. 

Saw Mills. 

SAW MILLS, THEIR ARRANGEMENT AND MANAGE. 
MENT, AND THE ECONOMICAL CONVERSION OF 
TIMBER. (Being a Companion Volume to ** Woodworking 
Machinery.") By M. Powis Bale, M.I.M.E. With numerous 
Illustrations. Crown 8vo, los, 6^., cloth. 

*• The author is favourably known by his former work on ' Woodworkmg Machi- 
nery/ of which we were able to speak approvingly. This is a companion volume, 
in which the administrntiofi of a large sawing establishment is discussed, and the 
subject examined from a financial standpoint Hence the size, shape, order, and 
disposition of saw- mills and the like are gone into in detail, and the course of the 
timber is traced from its reception to its delivery in its converted state. We could 
not desire a more complete or practical treatise." — Builder. 

" We highly recommend Mr. Bale's work to the attention and perusal of all those 
who are engaged in the art of wood conversion, or who are about building or re 
modelling saw-mills on improved principles. "—^«//<(/MH^iV«fj. 

" Will be found of much value by that special class of readers for whoM informa- 
tion it is desi{!ned. We have pleasure in recommending the book to those aJboMJL t.<\ 
construct or to manage saw-mills." — A ihenaum. 
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MECHANICS, ETC. 
— • — 

Engineer^ s Reference Book, 

THE WORKS MANAGERS' HANDBOOK. For Engineers, 
Millwrights, and Boiler Makers ; Tool Makers, Machinists, and 
Metal Workers ; Iron and Brassfounders, &c. By W. S. Hutton, 
Civil and Mechanical Engineer. Medium 8vo, about 400 pages, 
price \2s. 6^., strongly bound. \I a preparation. 

Mechanic s Workshop Companion, 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 13th Edit, with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&c. ; and an Extensive Table of Powers and Roots, i2mo, 5 j. bound. 

" Admirably adapted to the wants of a very large class. It has met with great 
success in the engineering workshop, as we can testify ; and there arc a great many 
men who, in a great measure, owe their rise in life to this little work." — Biiilding Neivs. 

Engineers and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprismg a Collection of Useful 
Tables, Rules, and Data. By Wm. Templeton. i8mo, zs, 6J, 

Smith's Tables for Mechanics, (2fc. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, 
BUILDERS, &c. Selected and arranged by Francis Smith. 
240 pp. Waistcoat-pocket size, i^. 6t/., limp leather. 

Turning. 

LATHE- WORK : a Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. By Paul N. Has- 
LUCK. Second Edition, thoroughly Revised, with a New Chapter 
on the Screw-cutting Lathe. Crown 8vo, 5^. cloth. 

Turning. 

THE METAL TURNER'S HANDBOOK. By Paul N. Has- 
LUCK. With over 100 Cuts. Crown 8vo, is., cloth. 
■\/ The above forms thefirst volume o/Haslvck's Handbooks on Handicrafts. 

Other Volumes in preparation. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With 
Examples of Practical Geometry and Templating, for the use of 
Platers, Smiths, and Riveters. By John Courtney, Edited by 
D. K. Clark, M.I.CE. i2mo, 9j., half-bd. 

Superficicil MeasuremefU. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to jog inches in length, 
by I to 108 inches in breadth. By J. Hawkings. Fcp. 3^. 6d, cU 

Steam Boilers, 

A 7^i^EATISE ON STEAM BOILERS : their Strength, Con- 
stru9tioii, and Economiaal 'Working. By R. Wilson, C.E. 
Fidh Edition. i2mo, 6^., clolK 
[The best treatiise that has ever been pu\>\\sV\«d otv%^«9km\x>Aex%r---£H(uie«v. 
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MATHEMATICS, TABLES, ETC. 

♦ 

Metrical Units and Systems^ &c. 

MODERN METROLOGY : A Manual of the Metrical UniU 
and Systems of the present Century. With an Appendix con- 
taining a proposed English System. By Lowis D'A. Jackson, 
A.-M. Inst. C.E., Author of **Aid to Survey Practice," &c. 
Large Crown 8vo, I2s. (xi. cloth. 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c. By Olinthus Gre- 
gory, LL.D., F.R. A.S. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 PUtes. 8vo. i/. is, cloth. 

Mathematics as applied to the Constructive Arts. 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis Campin, C.E. i2mo, y. (ni. cloth. 

Geometry for the Architect^ Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. By E. W. Tarn, M.A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy 8vo, 9^*. cloth. 

Practical Geometry. 

THE GEOMETRY OF COMPASSES, or Problems Resolved 
by the Mere Description of Circles, and the Use of Coloured 
Diagrams and Symbols. By Oliver Byrne, Coloured Plates. 
Crown 8vo, 3J. 6d, cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
DowLiNG, C.E. 2Qd Edit., revised and enlarged. 8vo, 10^. dd. d. 

Inwoods Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By William Inwood. 22nd Edition, wiUi 
Tables of Logarithms for the more Difficult Computations of the 
Interest of Money, &c. By M. Fedor Thoman. i2mo. 8j. cloth. 

"Those interested in the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insurances, &c., will 
find the present edition of eminent sitvA^.^* '^Engineering, 

^ 1. 
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Weights, Measures^ and Moneys. 

MEASURES, WEIGHTS, and MONEYS of afl NATIONS. 
Entirely New Edition, Revised and Enlarged. By W. S. B. 
WooLHOUSE, F.R.AS. i2mo, Ts. 6d, doth boards. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more IXfficolt Computations of 
Interest, Discount, Annuities, &c, in all their Applications and 
Uses for Mercantile and State Purposes. By F^dor Thoman, 
of the Society Credit Mobilier, Paris. 3rd Edit, i2mo, 41. 6^. cL 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from 15. per cwt. to i I2j. per 
cwt., and from one farthing per lb. to \s. per lb. Each Table ex- 
tends from one lb. to 100 tons. By T. Downie. 396 pp., 9^., leather. 

Iron and Steel. 

IRON AND STEEL : a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters ; 
Civil, Mechanical, and Mining Engineers ; Architects, Builders, &c. 
By Charles Hoare. Eighth Edit Oblong 32mo, 6j., leather. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 1 68 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition, will afford an aggregate of 10,266,000 
Answers ; the whole being calculated and designed to ensure 
Correctness and promote Despatch. By HsNRy Harben, 
Accountant New Edition. Royal 8vo, I/. 5^., half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprismg Tables for the use of 
Merchants, Manufacturers, Ironmongers, and others, by whidi 
may be ascertained the exact profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method 
of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required 
profit after allowing one or more Discoimts : to which are added 
Tables of Profit or Advance from i J to 90 per cent.. Tables of 
Discount from i^ to 98! per cent., and Tables of Commission, &c., 
from \ to 10 per cent. By H. Harben, 8yo, i/. 5^., half-bound. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astxonoroical lostruments. By J, F, 
Heather, M. A, Enlarged Editvon. lamo, v*^^"^ 
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Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containinp: fuU instnic- 
tions for the Alloying and Working of Gold. * Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its Alloys ; Solders, Enamels, &c. By George E. Gee. 

Second Edition, enlarged. i2mo, 3^. 6^. cloth. 

" The best work yet printed on its subject for a reasonable price." —yewiUer. 

"Essentially a practical mantial, well adapted to the wants of amateurs and 
apprentices, containing trustworthy information that (mly a practical man can 
supply.*' — English Mtchanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, contahiing full In- 
structions for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
Preparation of Imitation Mloys, &c. By G. E. Gee. i2mo, 3^. 6^. 
" The chief merit of the work is its practical chaiacter. The workers in the trade 
will speedily discover its merits when they sit down to study it,**— English Mechanic. 

Hall-Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the diflferent Assay 
Towns of the United Kingdom ; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hall' 
Marks at the various Assay Offices ; and a variety of Practical 
Suggestions concerning the Mixing of Standard Alloys, &c. By 
George E. Gee. Crown 8vo, 3J. 6</. cloth. 

Electro-Platingy &c. 

ELECTRO-PLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, 5j. cloth. 
" Any ordinarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, and this is the book to show the yn,y**— Builder, 

Eledrotypingy &c. 

ELECTROTYPING : The Reproduction and Multiplication of 
Printing Surfaces and Works of Art by the Electro-deposition of 

. Metals. By J. W. Urqu hart, C.E. Crown 8vo, 5J. cloth. 

"A guide to beginners and those who practise the old and imperfect methods." — Iron, 

Electro-Plating. 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
By Alexander Watt, F.R.S.S.A. Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum, 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c, 
&c Eighth Edition, Revised, including the most recent Pro- 
cesses. i2mo, 3J. 6^., cloth. 
" From this book both amateur and artisan may learn everything necessary for 
the successful prosecution of electroplating." — Iron. 

" A practical treatise for the use of those who desire to work in the art of electro- 
deposition as a business."— ^;'^/w^ Mechanic, 
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Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formulse, Tables, and Receipts for Gold 
Plate, Clasps, Solders, etc., etc By Charles Hunter. Second 
Edition, Revised, With over lOO Engravings, yj. 6^., cloth. 

Electricity. 

A MANUAL of ELECTRICITY ; indudhig Galvanism, Mag. 
netism, Diam^netism, Electro-Dynamics, Magneto-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with joo Woodcuts. 8vo, i/. 4/. doth. 
" The accounts ^ven of electricity and galvanism are not only ounplete in a sdentific 
sense, but, which is a rarer thing, are popular and interesting. —Xoikv/. 

Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., &c. New Edition, Revised. 
With an Introduction and Additional Chapters by W. H. Preece, 
M.I.C.E., Vice-President of the Society of Telegraph Engineers, 
&c. With 470 Illustrations. Crown 8vo, izs, Si, doth. 
" We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts."— i4/A«»^r»m. 

" An admirable text-book for every student— beginner or advanced— of electricity. " 
'^Engineering, 

" Under the editorial hand of Mr. Preece the late Dr. Noad's text-book of elec- 
tricity has grown into an admirable handbook."— JF^j/m/Vrj/^r Review, 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Treatment of Voltaic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. Urquhart, C.E. 
Edited by F. C. Webb, M.I.C.E., M.S.T.E. 2nd Edition, Re- 
vised, with Large Additions and 128 Illustrations. *js, 6d, cloth. 
* ' The book is by far the best that we have yet met with on the subject. " — A thenanm. 

Lightning. 

THE ACTION of LIGHTNING, and the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Major Arthur Parnell, R.E. i2mo, *js. dd, cloth. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY, containing all known Methods of Anhydrous 
Analysis, many Working Examples, and Instructions for making 
Apparatus. By Lieut. -Col. W. A. Ross, R.A., F.G.S. 

\In the press. 

Chemical A nalysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 

LYSIS ; or Practical Instructions for the determination of the In- 

trinsic or Commercial Value of Substances used in Manufactures, 

in Trades, and in the Arts. By A. Normandy. JVew Edition. 

Enlarged, and to a great extent le-TJiitVesi, by Henry M. Noad, 

P/i.P.,F.R,S. WithnumeTO\MiIfta&ltatV«», d»%NQ^\is»^.cloth. 
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Tke Alkali Trade — Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer. With 232 Illus- 
trations and Working Drawings, and containing 386 pages of text. 
Super-royal 8vo, 2/. 12s, 6d, cloth. 

This luorkfrovides (i) a Complete Handbook for intending Alkali and Sulphuric 
Acid Manufacturers^ and for those already in the field who desire to improve their 
plants or to become practically acquainted with the lattst processes and developments 
of the trade ; (a) a Handy Volume which Manufacturers can put into the hands of 
their Managers and Foremen as a useful ^ide in their daily rounds of duty. 

Synopsis of Contents. 

IX. Carbonatt'ne or Finishing — X. Soda 
Crystals — XI. Refined Alkali — XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste— XVI. General 
Remarks — Four Api>endice6, treating of 
Yields, Sulphuric Acid Calculations, Ane> 
mometers, and Foreign L^islation upon 
the Noxious Vapours Question. 



Chap. I. Choice of Site and General 
Plan of Works — II. Sulphuric Acid— 
III. Recovery of the Nitrogeu Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
lation upon the Noxious Vapours Ques- 
tion — ^VI. The Hargreaves' and Jones' 
Processes — ^VII. The Balling Process — 
VIII. Lixiviation and Salting Down — 



" The author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information thati to our knowledge, has beoi 
published in any language." — Engineer, 

" This book is written by a manufactturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufactiu'e is very fully described in this manual, and 
each improvement explained. Everything which tends to introduce economy into 
the technics details of this trade receives the fullest attention." — Athenaum. 

"The author is not one of those clever compilers who, on short notice, will 'read 
up ' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological zuthors."'~Chemical Heview, 

Soap-making. 

THE ART OF SOAP- MAKING, A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, &c. Including 
many New Processes, and a Chapter on the Recovery of Glycerine 
from Waste Leys. By Alexander Watt, Author of ** Electro- 
Metallurgy Practically Treated," &c. With Numerous Illustra- 
tions. Crown 8vo, gj-., cloth. {jfust published, 
" The work will prove very useful, not merely to the technological student, but to 

the practical soap-boiler who wishes to understand the theory of nls Art."— Chemical 

Ne7vs. 

" Every stage of the process of the manufacture of the various kinds of ^oap is 

clearly descril>ed." — The Textile Recorder, 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook in which the Operations of Tanning, Currying, 
and Leather Dressing are fully Described, and the Principles of 
Tanning Explained, with Practical Details, ard Accounts of many 
Recent Processes, to which is added a Description 01 the Arts of 
Glue Manufacture, Gut Dressing, &c. By Alkxander Watt, 
Author of •* Soap-Making," ** Electro- Metallurgy," &c. With 
numerous IllustratioTis, Crown 8vo, [/// preparation* 
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Dr. Lardnef^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University Collie, London. With up- 
wards of 1200 Engravings on Wood. In 6 Double Volumes. 
Piice £\ i^., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 31X. td» 

OPINION^ OF THE PRESS. 

" This series, besides affording popular 1?ut sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of ' common things' which every well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
in the belief and hope that the desire for instruction and improvement widwly pie. 
vails ; and we have no fear that such enlightened faith will meet with disappoint- 
ment." — Times. 

** A cheap and ioteresting publication, alike^ informing and attractive. The papers 
combine subjects of importance and great scientific knowledge, considerable mduc- 
tive powers, and a popular style of treatment." — Spectator. 

"The 'Museum of Science and Art' is the most valuable contributioa that has 
ever been made to the Scientific Instruction of every class of socie^." — Sir Dtmid 
Brewster in the North British Review. 

** Whether we consider die liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present." — Examiner, 

*•* Separate books formed from the above, suitable for Workmen^ s 

Libraries, Science Classes, dr*^. 

COMMON THINGS EXPLAINED. Contaming Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, doth gilt, 5^. 

THE MICROSCOPE. Contaming Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, doth gilt, 2s, 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 20i Illustrations, doth ^t, 2s, 6d, 

POPULAR PHYSICS. Containmg Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c 85 Illus- 
trations, cloth gilt, 2s. 6d, 

STEAM AND ITS USES. Induding the Steam Engine, the Lo- 
comjtive, and Steam Navigation. 89 Illustrations, doth gilt, 2s, 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4^. 6d, 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, doth gilt, 2s. 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
iiitelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Tdegraphy in Actual 
OpersiUoTu lOO Illustrations, doOi ^X^ \s. ^« 
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Dr. Lardnet^s Handbooks of Natural Philosophy. 

•»• The following five volunuSf though each is Complete ift itself ^ and to be^ir- 
chased separately f/brm A Complete Q)urse of Natural Philosophy, ana are 
inteftded for the general reader who desires to attain accurate knowledge of the 
various departments of Physical Science ^ without pursuing them according to the 
more profound methods of mathematical investigation. The style is studiously 
popular. It has been the author's aim to supply Manuals such as are required By 
the Student f the Engineer ^ tfie Artisan, ana t fie superior classes in Schools, 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s, cloth. 
" The perspicuitv of the original has been retained, and chapters which had 
become obsolete, nave been replaced by otliers of more modem character. The 
explanations throughout are studiously popular, and care has been^ taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining youmal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Post 8vo, 5j. cloth. 
" For those ' who desire to attain an accurate knowledge of phyacal science with- 
out the profound methods of mathematical investigation, this work is not merely in- 
tended, but well adapted." — Chemical News, 

THE HANDBOOK OF HEAT. Edited and ahnost entirely 
Rewritten by Benjamin Loewy, FiR.A.S., etc. 117 Illustra- 
tions. Post 8vo, 6j. cloth. 

" The style is always clear and precise, and conveys instruction without leaving 
any cloudiness or lurking doubts behind." — Engineering, 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post 8vo, 5^. cloth. 
" Written by one of tlie ablest English scientific writers, beautifully and elaborately 
iXXxxstm^di.'*— Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post 8vo, 5j. cloth. 

" The book could not have been entrusted to an>r one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and brin^g up his 

work to the present state of scientific knowledge."—- /'iy^/ar Science Review, 

Dr. Lardner' s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the "Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L. Fourth Edition. Revised and Edited by 
Edwin Dunkin, F.R.S., Royal Observatory, Greenwich. With 
38 Plates and upwards of ico Woodcuts. In i vol., small 8vo, 
550 pages, 9 J. 6d^., cloth. 
" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public." — Atheiueum. 

" We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general — but at 
the same time correct — acquaintance with this sublime &cicace.'*—Qtuirterly ^oumal 
of Science. 

Dr. Lardner^ s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New Edition, small 8vo, 
cloth, 732 pages, *J5, 6d, 
* We have no hesitation in cordially recommending \i,**-~Educatumal Timis. 
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Dr. Lardnef^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnul 
328 lUostrations. Sixth Edidon. I voL y, 6d. doth. 

" Cooveirs. in dear and precise terms, general nodoos of aU the ptincqial dnrisions 
of Physical Science."— ^n/uA QuarUrlf Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdnxr. 
With 190 Illustrations. Second Edition, i toL 31. td, doth. 

" Clearly written, well arranged, and excellently illostrated."— G!a»iabawri^CibvwM^. 

Dr. Lardner^s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re- written, by E. B. Bright, F.R. A, & 
140 Illustrations. Small 8yo, 2j. 6^. doth. 
" One of the most readaUe bodes extant on the Electric Tdegrai^i.'''— '.fxy. Michamc, 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S.,F.G.S. Withnomer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 7j. 6^ doth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geol<^ and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor le Vaux. Fcap. 8vo, 51. cloth. 

^ " A valuable contribution to the evidences of revelation, and disposes very conclu- 
sively of the arguments of those who would set God's Works against God's Word. 
No real difficulty b shirked, and no sophistry is left unexposed." — The Rock, 

Geology. 

GEOLOGY, PHYSICAL AND HISTORICAL: Consisting 
of " Physical Geology," which sets forth the Leading Principles of 
the Science ; and ** Historical Geology,'* which treats of the Mineral 
and Organic Conditions of the Earth at each successive epoch, especial 
reference being made to the British Series of Rocks. By Ralph 
Tate. With more than 250 Illustrations. Fcap. 8yo, 55. doth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M.A., late Fellow of Trin. Coll., Camb. i8mo, 5^. cL 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. 2nd Edition, revised ; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal 8vo, doth, 4/. lar. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 

of FORTRESSES, MILITARY MINING, and RECON- 

2V0ITRING. By Colond I. S. Macaulay, late Professor of 

Fortification In the R. "M. A., Woolwich. Sixth Edition, crown 

^vOf dothf with separate AOas ol \%'^\aX«^ \xs« complete. 



PUBLISHED BY CROSBY LOCKWOOD & CO. 27 

■- 

Clocks y Watches y and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart., LL.D., Q.C., 
F.R.A.S. Seventh Edition, revised and enlarged. Limp doth 
(No. 67, Weale's Series), 4r. 6^.; cl. bds. ^s, 6d, 

"Tlie best work on the subject extant. The treatise on bells is undoubtedly 
the best in the lang^ge." — Engineering. 

"The only modem treatise on clock-making." — HorotogicalJoutmU, 

The Construction of tJte Organ, 

PRACTICAL ORGAN-BUILDING. By W. E. Dickson, 

M. A., Precentor of Ely Cathedral. Second Edition, revised, with 

Additions. i2mo, 3^. cloth boards. 
"The amateur builder will find in this book all that is necessary to enable him 
personally to construct a perfect organ with his own )xiXi^%'* ^Academy, 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B. A. Crown 8vo, y, 6d, cloth. 

" A thoroughly scientific treatise in popular language." — Morning Advertiser. 
** We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications, 
For the Use of Dyers, Printers, Dryssdters, Brokers, &a By J, 
W, Slater. Second Edition. Crown 8vo, 7j. (id. cloth. 

** A complete encyclopaedia of the materia tinctoria."— CA^wm/ and Druggist. 

" The newest resources of the dyer and printer are noticed with completeness, 
accuracy, and clearness." — Chemical News. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition. By 
Ellis A. Davidson. i2mo, y. 6d. cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg. With 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising: 154 Figures. Folio, 2/. 12s. 6d. bound. 

'* As patterns the plates are perfect, and by following them a style both artistic 
and accurate will he obtained. The instructions accompanying the plates are full 
and explicit, and may be comprehended by the dullest understanding without 
difficulty. The students and novices are fortunate who are able to become the 
possessors of so noble a work" — Architect. 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art- Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, the Principal Schools of 
Painting. With Notes on Copyists and Imitators of each Master. 
By Philippe Daryl, B.A. Cr. 8vo, y. cloth. 

"A guide to the authorship, quality, and value of a picture, and furnishes the 
fundamental knowledge necessary to vcas!dX^ViX^"— Saturday Revinv.\ 
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Delamottis Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the .^rt. Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. DsLA- 
MOTTE. Small 4to, 91. Elegantly bound, doth antique. 

" Hie examples of ancient MSS. recommended to the student, which, with much 
^ood sense, the author chooses fh>m collections accessible to all, are selected with 
judgment and knowledge, as well as taste." — Atktmtum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDLEVAL 5 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monc^rams, 

Crosses, &c. Collected and engraved by F. Deiamottb, and 

printed in Colours. Tenth and Cheaper Edition. Royal Svo, 

oblong, 2s, 6d. ornamental boards. 

" For those who insert enamelled sentences round f^ded chalices, who blazon shop 
legends over shop-doors, who letter church walls with pithy sentences from the 
Decalogue, this book will be }xs/t[viL**'—Athefueum, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and 
engraved by F. Delamotte, and printed in Colours. Eighth and 
Cheaper Edition. Royal 8vo, oblong, 2s, 6d. ornamental boards. 

" There is comprised in it every posable shape into which the letters of the alphabet 
and numerab can be formed."— vS/acu^n^ 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Grold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, dr. doth gilt 

THE EMBROIDERER^S BOOK OF DESIGN ; contammg Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, is. 6d, ornamental wrapper. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 

Sketches of the Progress of the Art By Thomas John Gullick, 

Painter, and John Timbs, F.S.A. Fourth Edition, revised and 

enlarged. With Frontispiece and Vignette. In small 8vo, 5j. (ui» doth. 

%* This Work has been adopted as a Prize-book in the Schools 9J 

Art at South Kensington. 

" Contains a large amount of original matter, agreeably conveyed. "-^^smU^. 

" Much may be learned, even by those who fancy they do not require to be taughti 

from the carefu ipenisal of this unpretending but comprehensive treatise. ''--^r/y'ffWfYM/i 

Wood' Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2J. td. 

" The handicraft of the wood-carver, &o vr^ «& ^t.'WkcMv impart it, may be learnt 
from *A Lsidy*s ' publication.**— il^^iewrMW. 
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AGRICULTURE, GARDENING, ETC. 
Vouatt and BurtCs Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. \s. half-bound. 

" The standard and text-book with the farmer and grazier." — Farmer's Magazine. 

-"A treatise which will remain a standard work on the subject as long as Briti h 

griculture endures." — Mark Latie Express. 

History, Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &:c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4f. cloth. 

^rodziction of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distribu- 
tors, etc. By John Ewart. Cr. Svo, 5^. cloth. 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. The Laymg Out and Cultivation of 
Farms adapted to the produce of Milk, Butter and Cheese, Eggs, 
Poultry, and Pigs. By the late Prof. J. Donaldson. With 
Additions, by R. Scott Burn. 4^. cloth. 

English Agriculture. 

A TEXT-BOOK OF AGRICULTURE (THE FIELDS OF 
GREAT BRITAIN), adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). i8mo, 2s, 6d. cloth. 

* * A clearly written description of the ordinary routine of English farm-life." — Lattd. 
"A most comprehensive volume, giving a mass of information." — Agricultural 

{Economist. 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry— Utilisation of Town Sewage, Irrigation, &c. Sixth 
Edition. In I vol. 1250 pp., half-bound, profusely illustrated, \2s. 

^arm Engineering. 

FARM ENGINEERING, comprising Draining and Embank- 
ing ; Irrigation and Water Supply ; Roads, Fences, and Gates ; 
Farm Buildings ; Bam Implements, etc. ; Field Implements, etc. ; 
Agricultural Surv^eying, Levelling, etc. By Prof. John Scott. 
About 1300 pages, with Several Hundred Illustrations. 

\Inthepres 
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The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Farming, Farm Building, Irrigation, 
Drainage, &c By R. Scott Burn. i2mo, 3^. cloth. 

"Ac >mp'ete and comprehensive outline of the duties appertaining to the manage- 
ment of landed estates." — yourfuil of Forestry. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of tlie Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. i2mo, 3^. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn. (The above Two Works in One Vol.) 6j. 

Hudsofis Tables for Land Valuers. 

THE LAND VALUER^S BEST ASSISTANT \ being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for Reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C.E. 
New Edition, ro3^1 32mo, leather, gilt edges, elastic band, 4^. 

Ezvart's Land Improver's Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULAE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor. 32mo, leather, 4^. 

Complete Agricultural Survey of^s Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 7^. 6d, 

'• We consider Hudson's book to be the best ready-reck(Mier on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart's work greatly enhances the value and usefulness of the latter-mentioned.— 
It is most useful as a manual for reference." — North of England Farmer 

Grafting and Budding. 

THE ART OF GRAFTING AND BUDDING. By Charles 
Baltet. Translated from the French. With upwards of 180 
Illustrations. i2mo, 3^. cloth boards. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. In- 
cluding Choice of Trees, Planting, Grafting, Training, Restoration 
of Unfruitful Tress, &c. From the French of Du Breuil. Fourth 
Edition, revised. With an Introduction by George Glenny. 4j.cL 
" The book teaches how to prune and train fruit-trees to perfection." — Field. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM. A 
Practical Guide to the CuWvvaXion and General Treatment of the 
Potato. By James PwK.. \N\^\\\vi%Vi^.\aai&» Cr. 8vo, 2j. cl. 
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Good Gardening, 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, 5^. cloth. 

" A very good book, and one to be highly recommended as a practical guide. 
The practical directions are excellent "—Atheneeum. 

Gainful Gardening, 

MULTUM-IN-PARVO GARDENING ; or. How to make One 
Acre of Land produce ;f 620 a year, by the Cultivation of Fruits 
and Vegetables ; also How to Grow Flowers in Three Glass 
Houses, so as to realise £!*](> per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, 25, clotb. 

** We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, but to the market grower." — Gardener's Magazine. 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide. By S. Wood. Cr. 8vo, 3^. da. 

Bulb Culture, 

THE BULB GARDEN ; or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. By Samuel 
Wood. Coloured Plates. Crown 8vo, 3^. dd. cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
A Practical Manual on the Propagation of Forest Trees, Fruit 
Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2s, 6d, cloth. 

Tree Pruning, 

THE TREE PRUNER : A Practical Manual on the Pruning of 
Fruit Trees, their Training and Renovation ; also the Pruning of 
Shrubs, Climbers, &c. By S. Wood. i2mo, 2s, 6r/., cloth. 

Tree Planting, Pruning^ & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of * * Good Gardening,*' &c. Consisting 
of the above Two Works in One Vol., 5^. half-bound. 

Early Fruits, Flowers and Vegetables, 

THE FORCING GARDEN ; or. How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building 
Glasshouses, Pits, Frames, &c. By S. Wood. Crown 8vo, 3^. dd. 

Market Gardening, Etc, 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to " The Garden." Compiled by C. W. Shaw, Editor 
of * * Gardening Illustrated. " i2mo, 3^. 6</. cl. bds. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, &c. By G. M. F. Glenny. i2mo, 25. 



Bankruptcy— Bills of Exchange — 
Contracts and Agrebmbnts — Cofv- 
right— dowbr and divorcb — elec- 
TIONS AND Registration — Insurance 
—Libel and Slander — Mortgages— 

Also Law for Landlord and Tenant — 
Master and Servant— Workmen and Ap- 
prentices — Heirs, Devisees^ and Lega- 
tees — Husband and Wife — Executors 
and Trustees — Guardian and Ward — 
Married Women and Infants — Partners 
and Agents — Lender and Borrower — 
Debtor and Creditor — Purchaser and 



3« WORKS PUBLISHED BY CROSBY LOCKWOOD & CO. 

*A Complete Epitome of the Laws of this Country.^ 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. New Edition, 
with Notes and References. Corrected to the end of last Session. 
Embracing upwards of 3,Soo Statements on Points of Law. 
Crown 8vo, price 6j. %d, (saved at every consultation). 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE 
AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 
LAW, GAME AND FISHERY LAWS, POOR MEN*S LAW, THE LAWS OF 

Settlkmbnts— Stock Exchange Prac- 
tice— Trade Marks and Patents — 
Trespass, Nuisances, etc — Transfer 
OF Land, etc. — Warranty — Wiixs 
AND Agreements, etc 
Vendor — Companies and Associations 
— Friendly Societies — Qei^ymen, Qiiurh- 
wardens — Medical Practitioners, &c — 
Bankers — Farmers — Contractors — Stodc 
and Share Brokers — Sport«nen and Game- 
keepers — Farriers and Horse-Dealers— 
Auctioneers, House-Agents — Innkeepers, 
&c. — Pawnbrokers — Surveyors, &c, &c 

" No Englishman ought to be without this book." — Engineer. 

** What it professes to hcr-a. complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers. The book is a handy one to have in readiness 
when some knotty point requires ready solution."— ^itf//** Life. 

How to Invest, 

HINTS FOR INVESTORS. Being an Explanation of the Mode 
of Transacting Business on the Stock Exchange, etc. By Walter 
M. Playford, Sworn Broker. Crown 8vo, 2J. cloth. 

Auctioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c 
Fourth Edition, enlarged, by C. NOrris. Royal 32mo, doth, 5j. 

Auctioneering, 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, loj. 6d,. doth. 

"The position and duties of auctioneers treated compendiously and clearly." — 

House Property. iBmider. 

HANDBOOK OF HOUSE PROPERTY : the Purchase, Mort- 
gage, Tenancy, and Compulsory Sale of Houses and Land ; the 
Law of Dilapidations, &c. By E. L. Tarbuck. 3rd Edit. 3^. 6d, 

"We are glad to be able to recommend it.** — Builder. 

" The advice is thoroughly practical*'— Z-aw JoumaL 

Metropolitan Rating, 

METROPOLITAN RATING : a Summary of the Appeals 
heard before the Court of General Assessment Sessions at West- 
miDSter, in the years 1871-80 inclusive. Containing a large mass 
of very valuable information "with respect to the Rating of Rail- 
ways, Gas and Waterworks, Tiaiaw?:^, '^Yarjcs^ Public Houses, 
&c. By Edward and A. L.. 'R.xb^. ^\o, \i.s. ^d. ^^"^^ 
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A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
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tS- '■ WEALE'S SERIES includes Test-Booka on almost every branch of 
Science and Industry, comprising such subjects as Agriculture, Arehilecluro 
ind Building, Civil Eugineeringi Fine Aits, Mechanics aod MechAnical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises, The whole are constantly ondergoing lEvision, anil new editions, 
brought up to the latest discoveries in scientific research, are constantly 
issued. The prices at which they are sold are as low as their excellence is 
assured," — A msrican Literary Gaititt, 

" Amongst the literature of technical education, We*le'S SerTES has ever 
enjoyed a high reputation, and the additions being made by Messrs. CrOsBV 
LocKWOOO & Co. render the aeries even more complete and hruiB the infor 
mation upon the several subjects down to the present time — 'dimng 
Journal. 

" It is impossible to do otherwise than bear testimony to the value of 
WEALE'S Series."— ERginssr. 

" Everybody— even that outragBOua nuisance ■ Every Schoolboy — knowi 
the merits of ■ Weale's Rudimentary Series.' Anv neraons wishmn It 
acquire knowledgt 



;1 all tt 



hey reqnm 



erary wealth."- 
" WEALE'S SERIES has become a standard 
n all branches of art and sci 
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WEALE'S SVOIHEHTAAT SCIENTIFIC SEBIES. 




\* The Tolomes of this Series are fre^y Illastrated with 
Woodcuts, or otherwise, where requisite. Thronghont the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated ; ^/ fke volumes marked 
nilh a % may also be had strongly bound in cloih boards for dd, 
extra, 

N.B. — In ordering from this List it is recommended, as a 
means of faciliiaiing business and obviating error, to quote tht 
numbers affixed to the volumes, as well as the titles and prices. 



CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A., and G. R. Burnkll, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated. 2S. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burcoynb, Bart., K.C.B. Illustrated, zs. 6d. 

44. FOUNDATIONS AND CONCRETE WORKS, containing a 
Synopsis of^the principal cases of Foundation Works, &c.. Practical Remarks 
on Footings, Planking, Sand, Concrete, B^ton, Pile-driving, Caissons, and 
Cofferdams, &c. By £. Dobson, M.R.I.B.A. Fifih Edition, zs. 6d. 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the ^lodem Improvements. By T. Baker, C.E. New Edition, 
revised by Edward Nugent, C.E. Illastrated with Plates and Diagrams. 2s.t 

8o*. EMBANKING LANDS FROM THE SEA. With examples 
and Particulars of actual Embankments, &c. By J. Wiggins, F.G.S. ss. 

81. WATER WORKS, for the Suppljr of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Watar ; and Details of'Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. 4s4 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated, as. 6d.t • 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch j 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By FRANas Campin, C.E. 2s. 6d.t 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts : I. The Art of Constructing Common Roads, by Hbnrt 
Law, C.E., revised by D. K. Clark, C.E. ; II. Recent Practice, mclndinf 
pavements of Stone, Wood, and Asphalte, by D. K. Clark. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND JIf 

VILLAGES. Comprising:— I. Some of the more Common Forms of 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. By Charlbs 
Slaog, Assoc. M. Inst. C.E. Second Edition, revised and enlai^ped. 3s4 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by SamuH 
Hughes, C.E. Sixth Edition, re- written and much .ttilarged by WiLUAtf 
Richards, C.E. With 72 Illustrations. 4s. 6d,X 

213. PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coon* 
tnes. By Edward Dobson, Assoc. Inst C.E. 4s. 6d.t 

The t indictees that these voh% may be had strongly bound at ^d, extra. 
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Civil Engineering, Surveying, etc., continued, 
216. MATERIALS' AND CONSTRUCTION; A Theoretical and 

Practical Treatise op the Strains, Designingr, and Erection of Works of Con- 
struction. By Francis Campin, C.E. Second Edition, revised, js.t 

219. CIVIL ENGINEERING. By Henry Law, M.Imt. C.E. 

Including Hydraulic Engineering by Geo. R. Burnell, M.Inst. C.E. 
Seventh Edition, revised, with large additions by D. .Kinmxar Clark, 
M.Inst. C.E. 6s. 6d., Cloth boards, 7s; 6d. 



MECHANICAL ENGINEERING, ETC. 

33. CRANESy the Construction of, and other Machinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE, By Dr. Lardner. Illustrated. is.6d. 

59. STEAM BOILERS: their Construction and Management. By 
R. Armstrong, C.E. Illustrated, is. 6d. 

82. THE POWER OF WATER, as applied to drive Flour Mills, 
and to give motion to Turbines. &c. By Joseph Glynn, F.R.S. om.X 

98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T.Baker, C.E. With Additions by J. Nasmyth, C.E. 2s.6d.t 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theoiv 

of, with Rules and Examples for Practical Men. By T. Baker, C.E. zs.6a. 

164. MODERN WORKSHOP PRACTICE, as appUed to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredeing Machines, 
Bridges, Cranes, Ship-building, &c., &c. ByJ.G. Winton. Illustrated, js.i 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2S. 6d4 

166. POWER IN MOTION: Horse-Power, Toothed-Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 8s.6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. ByJ. Maxton. 5th Edn. With 7 Plates and 350 Cuts. 3s. 6d.t 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. ByJoHN Sewell and D. K. Clark, M.I.C.E. 3s. 6d.t 

200. FUEL, its Combustion and Economy. By C. W. Williams, 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 
Wood, Peat, Petroleum, &c.—- by D. K. Clark, M.I.C.E. 3s.6d.t 

202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 
large additions by D. Kinnbar Clark, M.I.C.E. 3s.t 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tern- 
plating, and Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Maker. Edited by D. K. Clark, C.E. zoo Illustrations. 2s. 

217. SEWING MACHINERY: Its Construction. History, &c., with 
full Technical Directions for Adjusting, 8tc. By J. W. (Jrquhart, C.E. 2S.t 

223. MECHANICAL ENGINEERING, Comprising Metallurgy, 
: Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture ol 
the Steam Engine, &c. By Francis Campin, C.E. 2s. ta.% 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron in the Fitting-Shop, Foundry, and 
Boiler- Yard. By Francis CAMPiif.'C.E. 3s.t 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

CoachSmithing. By W/T. E. Cranb. Illustrated. 2s. 6d,t 

238. THE SHEETMETAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, 8cc. With 94 Diagrams and 
Working Patterns. By W. J. E. Cranb. is. 6d. 
2Si. STEAM AND MACHJNERY MANAGEMENT: a Guide 
to the Arrangement and Economical Management of Machinery, with Hints 
on Construction and Selection. By M. POWIS BALE, M.Inst.M.E., 
A.M.Inst.C.E. 2s. 6d4 \yust publiihed. 

The % indicates thai these vols , may be had strongly bound at 6d. extra, 
7, STATIONERS* HALL COURT, LUDGATK HW-V.^ ^.<:l. 
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MINING, METALLURGY, ETC. 

4. MINERALOGY^ Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 334 
117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fen wick. 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 
oi Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn. Ph.D. Wooacuts. 2S. 6d.t 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 
ander Watt, F.R.S.S.A. Eighth Edition, reused, with additional Matter 
and Illustrations, including the most recent Processes. 3S.t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d.t 

C72*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, Cs. 

176. METALLURGY OF IRON Containing History of Iron Mann- 
facture. Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Baubrman, F.G.S. Fifth Edition, 
reyised and enlarged. 5s.t 

180. COAL AND COAL MINING. By Warington W. Smyth, 

M.A., F.R.S. Fifth Edition, revised. Widi numerous Illustrations. 3s. 6d.t 

195. THE MINERAL SURVEYOR AND VALUER* S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By William Lintern, Alining and Civil Engineer. 3s. 6d.t 

214. SLATE AND SLATE ^CMi?i2I7A^6:, Scientific, Practical, and 
Commercial. By D. C. Davies, F.G.S., Mining Engineer, &c. 3S.t 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By W. Lintbrn. 2s. 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE— ORDERS— Tht Orders and their ^Esthetic 

Principles. By W. H. Leeds. Illustrated, zs. 6d. 

17. ARCHITECTURE—STYLES— TYie History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A^ 8cc. Illustrated, as. 
%* Orders and Styles of Architecture, in One Vol., 3*. 6d, 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 

Greek and Gothic Architects. ByE.L.GARBETT, Architect. Illustrated. 2s.6d. 

•*• The three preceding JVorhs, in One handsome Vol., half bound, entitled 

" Modern Architecture," price 6s. 

22. THE ART OF BUILDING, Rudhnents of. General Principles 
of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By £. Dobson, 2s4 

25. MASONRY AND S TONE CUTTING ; in which the Principles 
of Masonic Projection and their application to the Construction of Curved 
Wing- Walls, Domes, Oblique Bridges, and Roman and Gothic Vaulting, 
are explained. By Edward Dobson, M.R.I.B.A., &c. 2s. 6d.t 

42. COTTAGE BUILDING, By C. Bruce Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustrations, is. 6d. 

^5. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, &c. By G. R. Burnell, C.E. Twelfth Edition, is. 6d. 



fi^y^ TAa X indicates that these vols, may be had xirongfy bound at 6d, extra. 



LONDON : CROSBY 1.0CTSN?00\> MSVi CQ,^ 



W£ALX*S RUDDfEMTAKT SERIES. 



Architecture, Building, eXc.^ continued, 

57. WARMING AND VENTILATION. An Ezpositkm of tkt 
General Principles as applied to Domestic and Pnblic BoildingiL ICaes, 
Ligfathonses, Ships, tic. By C. ToMUXSon, FJLS^ &c. Illnstratea. js. 

III. ARCHES, PIERS, BUTTRESSES, &*c,: Experimental Eanp 
on the Principles of Construction. By W. Blavd. Illustrated, is. 6d. 

ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or. The 
Principles of the Science of Soond applied to the pnrposes of theiArdiitect awd 
Builder. By T. Rogek Smth, M.K.I.B JI., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art ot 

By T. A. RiCHAKOSOx, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OP MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwblt, F.S.A., F JULS. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into tbe Principles 
of Beauty in ; with an Historical View of tiie Rise and Progress of tiie Axt in 
Greece. By the Eakl of Abekoeeh. is. 
%* The iwofrecedmg Works in One handsome VoL, half bound, entitled "Amomxt 

AMCBiTECTVtLXf" Price 6s, 

132. THE ERECTION OF DWELLING-HOUSES. Dlustiated by 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, wiUi the Specification, Quantities, and Estimates, &c. By 
S. H. Brooks. New Edition, with Plates. 2S. 6d.t 

156. QUANTITIES AND ME ASUREMENTS,Haw to Czlcnhteaokd 
Take them in Bricklayers', Masons', Plasterers*, Plumbers', Painters', Paper- 
hangers', Gilders', Smiths', .Carpentos*, and Joiners' Work. By A. C. 
Beaton, Architect and Survqror. New and Enlaxiged Edition. HIus. is. 6d. 

175. LOCKWOOD <&• CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest Prices of all kinds of Builders' Materials 
and Labour, and of all Trades connected with Building, &c., &c. Edited 
by F.;T. W. Miller, Architect. Published annually. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND WINERY— TwE. Elementary Prut- 

ciPLBS OF Carpentry. Chiefly composed from tbe Standard Work of 
Thomas Trebgold, CJB. "With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 33. 6d.X 

l82». CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. ; cloth, ^%. 6d. 
185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass, &c. ; Unequal-sided, Square-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Timber, &c. By Richard Horton. Fourth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. WiGHTWiCK. 

New Edition. By G. H. Guillaumb. Illustrated. 38. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : containing full information on the Processes of House-Painting, 
the Practice of Si^- Writing, the Principles of Decorative Art, a Course of 
Elementarv Drawing for House-Painters, Writers, &c., &c. With 9 Coloured 
Plates, and nearly x^o Wood Engravings. By Ellis A. Davidson. Fourth 
Edition. 5s. clotb limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections: General Principles; Arch Drawing, Cutting, and Setting; 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical 
Geometry, Mensuration, &c. By Adam Hammond. lUustrateo. is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 
the Plumber. With Chapters upon House Drainage. Fourth Edition. 
With 330 Illustrations. B y W. P. Buchan. 3s. 6d.t 

The X indicates that these vols, may be had strongly bound at td. extra, 
7, STATIONERS* HALL COURT, LUDGATE HILL, E.G. 
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Architecture, Building, etc, continued, 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
and BUILDER'S STANDARD GUIDE. By Richard £. Gkandt. 
Second Edition, Revised. 3S.t 

206. A BOOK ON BUILDING, CvoU and EcdesiasHcal, inclading 
Church Rbstoratiojc. With the Theory of Domes and the Gi«at Pyramid, 
&c. By Sir Edmund Beckett, Bart., IX J>.,Q.C,F.R.A^. 4s. 6d.t 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works. By 
Wyvux J. Christy, Architect. With upwards of xOo Engravings on Wood. 3s.t 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

By E. Wyndham Tarn, M.A., Architect.* Second Edition, revised, is. Cd. 

229. ELEMENTARY DECORATION: as applied to the Interior 

and Exterior Decoration of Dwelling-Houses, &c. By Jambs W. Facsy, Jun. 
Illustrated with Sixty-eight explanatory Engravings, as. 

230. HANDRAILING (A Practical Treatise on). Showing New and 

Simple Methods for fiioding the Pitch of the Planlc, Drawing the Moulds, 
Bevelling, Jointing-up, and Squaring the Wreath. By Gborgb Collings. 
Illustrated with Plates and Diagrams, is. 6d« 

247. BUILDING ESTA TES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and General Management of Building Land, including 
tiie Formation of Streets and Sewers, and the Requirements of Sanitary 
Authorities. By Fowler Maitland, Surveyor. Illustrated, ss. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Second Edition, corrected. Illustrated, ss. 

252. BRICKWORK: a Practical Treatise, embodying the Creneral 
and Higher Principles of^ Bricklaying, Cutting and Setting, &c. By F« 
WALKER. iln the Press, 

SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. £y 
Jambs Pbakb. Fifth Edition, with Plates and Diagrams. 3s. 6d4 

53». SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By H. A. Soiimbrfbli>t« 
Surveyor of the Royal Norwegian Navy. With an Appendix, is. 6d. 
53*». AN ATLAS OF ENGRAVINGS to lUustrate the above. Twelve 
large folding plates. Royal 4to', cloth. 7s. 6d. 

54. MASTING, MASTMAKING, AND RIGGING OF SHIPS, 

Rudimentaiy Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Ropes, &c., relative to every class of vetsels. By Kobkrt 
Kjppino, N.A. Fifteentn Edition. Illustrate. 2s4 

S4». IRON SHIP-BUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 

S4»». AN ATLAS OF FORTY PLATES to Illustrate the above. 

Fifth Edition. 4to, boards. 388. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navigation. Part I. How to Keep the Log and Work it otL Part II. On 
Finding the Latitude and Longitude. By Jambs Grbbnwood. fi J^. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing ; the International (Commercial) Code of Signals : the Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 
Storms ; and a Brief Dictionary of Sea Terms. With Coloured Plates of 
Flags, 8cc. New, and enlarged edition. By W. H. Rossbr. as. 6d.t 

TAe t tftdscaies thai these vols, may be had strong^ bound at 6d. extra. 

■ ■ - 

LONDON : CROSBY LOCKWOOO KSli ^Q*^ 
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Shipbuilding, Navigation, Marine Engineering, etc., cont. 

80. MARINE ENGINES, AND STEAM VESSELS. By ROBERl 
Murray, C.£. Eighth Edition. [In freparatum. 

ZT/ns. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W. 
Bland. Seventh Edition, revised, with numerous Illustrations and M<Mels.zs.6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. By Prof. J. R. Young. New Edition, Including the r^oisite 
Elements from the Nautical Almanac for working the Problems. 2s. od. 

t6b, SHIPS* ANCHORS, SiTitzXise on. By G. CoTSKLL, N.A. I8.6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of E£Fort of the Sails. Also, Weights 
and Sizes of Ropes : Masting, Rigging, and Sails of Steam Vessels, &c., &c. 
Eleventh Edition, enlarged, with an Appendix. By Robert Kipping, N.A., 
Sailmaker, Quayside, Newcastle. Illustrated. 2S. 6d.t 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Enginbbr. Revised by D. 
F. McCarthy, late of the Ordnance Survey Office, Southampton. 3t. 

55 PRACTICAL NAVIGATION. Consisting of The Sailor's 
^ Sea-Book. By James Greenwood and W. H. Rossbr. Toother with 
^^^ tiie requisite Mathematical and Nautical Tables for the Working of Uie 
*"t» Problems. By Henry Law, C.E., and J. R. Young, formeriv Professor of 
Mathematics in Belfast College. Illustrated with numerous Wood Engrav- 
ings and Coloured Plates. 78. Strongly half-bound in leather. 



AGRICULTURE, GARDENING, ETC. 

61^. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND, including Tables showing the price of work from 2s. 6d. to ;^z per 
acre, and other useful Tables. By Abraham Arman. Second Eoution, 
corrected and extended by C. Norris, Surveyor, &c. 2s. 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER. With approximate values of Millstones, Millworic, &c. \%. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines op 

Modern Faruing.) By R. Scott Burn. Woodcuts, as. 

141. FARMING 6* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2.0utunbs of Modern Farming.) By R. Scott Burn. \%. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts, as. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts, as* 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outunes of Modern 
Farming.) By R. Scott Burn. Woodcuts, as. od. 
■<j* Nos, i40-i-a-5-6, in One VoLthandsomely half-boundf entitled " Outlines of 
Modern Farming." By Robert Scott Burn. Price 11s, 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du.Breuil. Revised by Geo. Glbnny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP: THE HISTOR Y, STR UCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C» &c. Fourth Edition, 
enlarged, including Specimens of New and Improvea Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, &c. By George M. F. Glbnny. is. ^.t 

^f* The t indicates that these vols, may be had strongly bound at 6d, extra, 
7, stationers' HALL COURT, LXJDGATB HILL> iL.CU 
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Agriculture, Gardening, etc., continued. 

207. OUTLINES OF FARM MANAGEMENT, and the OrganU 

zaiion of Farm Labour: Treating of the General Work of the Farm ; Field 
and Live Stock ; Contract Work ; Labour, &c. By R. Scott BintN. 2s. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, 8cc. By R. Scoi-t Burn. 2s. 6d4 
%• Nos. 207 b» 208 in One Vol.^ handsomely half-hound^ entitled " Outlines op 
Landed Estates and Farm Management." By R. S<X)tt Burn. Price 6f. 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, &c. By Samuel Wood. 2s.$ 

210. THE TREE PRUNER. A Practical Manual on the Proning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2s.$ 

%• Nos. 209 &» 210 in One Vol., handsomely half-bound, entitled **The Tree 
Planter, Propagator, and Pruner." By Samuel Wood. Price 5*. 

218. THE HA V AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c. 
Fourth Edition. By John Steele. 2s. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 
Fanns^ adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. By Vrot, John Donaldson and R. Scott Burn. 3s. 6d.t 

231. THE ART OF GRAFTING AND BUDDING. By Charles 

Baltet. With Illustrations. 2s. 6d.t 

232. COTTAGE GARDENING; or, Flowei-s, Fruits, and Vegetables 

for Small Gardens. By £. Hobday, is. 6d. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiN. is.6d. 

234. THE KITCHEN AND MARKET GARDEN. Compiled 

by C. W. Shaw, Editor of " Gardening Illustrated." 3s.t 

239. DRAINING AND EMBANKING. A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By John Scott, late Professor of Agriculture and Rural JEconomy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations, zs. 6d. 

240. IRRIGATION AND WATER SUPPLY. A Treatise on Water 

Meadows, Sewage Irrigation, Warpinpf, &c. ; on the Construction of Wells, 
Ponds, and Reservoirs ; and on Raising Water by Machinery for Agricul- 
tural and Domestic Purposes. By Prof. John Scott. With 34 lUus. zs. 6d. 

241. FARM ROADS, FENCES, AND GATES. A Practical 

Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures ; and the different kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
including Plans and Estimates. By Prof. John Scott. With 105 Illus. ss. 

243. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Application of Power to the Operations of Ag^culturc ; and 
on various Machines used in the Threshing-bam, in the Stock-yard, and in the 
Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 2S. [Just published. 

244. FIELD IMPLEMENTS AND MACHINES. By Professor 

John Scott. Illustrated. [In the pyess. 

245. AGRICULTURAL SURVEYING, LEVELLING, dfc. By 

Prof. John Scott. Illustrated. [In the press. 

250. MEAT PRODUCTION. A Manual for Producers, Distributors, 
8cc. By John Ewart. 2s. 6d.t 

^ TAe t indicates thai these vols, may be had strongly bound at 6d. extra. 
LONDON ; CROSBY U)CKWOQT> MWi CSi,^ 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjustine, and Usine them 

are concisely Explained. ^ By T. F. Heather, M. A., of the Royal Military 

Academy, Woolwich. Original Edition, in i vol.. Illustrated, zs. 6d. 

%* In orderingthe above, be careful to say, " Original Edition " ^No. 32), to distin' 

guish it front the Enlarged Edition in 3 volt. (JVos. 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGE. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Heather, M^. With 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts, as. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Tames Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Young. Tenth Edition, corrected, is. 6d. 
84*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, zs. 6d. 

85. EQUA TIONAL ARITHMETIC, appUed to Questions of Interest, 
85*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hipsley. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra, as. . 
86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

80. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d4 

•»* Sold also separately, viz. : — 

88. EucUD, The First Three Books. By Henry Law, C.E. is. 6d. 

89. EucuD, Books 4, 5, 6, II, 12. By Henry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By James Hann. A New Edition, by Professor J. R. Young. 28.} 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. is. 
%• Or with " The Elements of Plane Trigonometry** in One Volume, 2*. 6d. 

93. MENSURATION AND MEASURING, With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 

Baker, C.E. New Edition by E. Nugent, C.E. Illustrated, is. 6d. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOusE, F.R.A.S., &c. IS. 6d. 
102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homersham Cox, B.A. Illustrated, is. 

105. MNEMONICAL LESSONS. — Geo^ietry, Algebra, and 
Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas 
Penyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentaiy, for the Use of Schools and Self- 

Instruction. ByjAMBS Haddon, MA. Revised by A. Arman. is. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

(^* The ± indicates that these vols, may be had strongly hcundai 6d, extra. 
7, stationers' hall court, LUPOATE HIUax E..C, 
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Mathematics, Geometry, etc., continued, 
i68. DRAWING AND MEASURING INSTRUMENTS. Indnd- 
ing — ^I. Instruments employed in Greometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurements and for 
Arithmetical Computations. By J. F. Hbathxr, M.A. lUustratea. zs. 6d. 

169. OPTICAL INSTRUMENTS. Including (more especiaUy) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, zs. od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — ^I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employ^ in Astronomical Observa- 
tions. By T> F. Heather, M.A. Illustrated, zs. 6d. 
*«* Ths above three volumes form an enlargement of the Author's original vfork, 
"Mathematical Instruments** (See No. 32 in the Series.) 

t68.-i MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

Z69. > M.A. Enlarged Edition, for the most part entirely're-wntten. The 3 Parts as 

Z70.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOIV TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoa&b, C.£. With a 
Slide Rule in tuck of cover. 2s. 6a.t 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, 8cc. By F^dor Thoman. 43.^ 

199. INTUITIVE CALCULATIONS; or, Easy Methods of Perform- 
ing the Arithmetical Operations required in Commercial and Business Trans> 
actions ; with Full Explanations of Decimals and Duodecimals ; Tables, &c 
By D. O'Gorman. Twenty-fifth Edition, by Prof. J. R. Young. 3s.* 

204. MATHEMATICAL Z^jSZ-e-S", for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Young. New Edition. 4s.t 
204*. LOGARITHMS. With Mathematical Tables for Trigonometrical, 
Astronomical^ and Nautical Calculations. By Henry Law, M.Inst.CJE. New 
and Revised Edition. (Forming part of the above Work). 3s. [Just published. 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhouse, F.R.A.S., F.S.S. Sixth Edition. 2s4 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Invest!* 
KLtion, by means of Arithmetical and Simple Algebraical Equations and 
^-actical Examples. By Francis Campin, C.E. Second Edition. 3s.t 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By Professor George Fownes, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, zs. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. ToMLiNSON. Woodcuts. IS. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Charles Tom- 

LiNSON. Illustrated, is. 6d. » 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Sno« 
Harris, F.R.S., 8cc. With Additions by R. Sabinb, C.E., F.S.A. xs. 6d. 

7». GALVANISM. By Sir W. Snow Harris. New Edition by 
Robert Sabine, C.E., F.S.A. zs. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M> 
JVOAP, Ph.D. With 165 Woodcuts. 3s. 6d .t _ 

Tyke t indicates that these vols, may he had strongly 6a$md at 6d. extra, 
LONDON : CROSBY I^OCK^OOO K:^1> ^Ci.^ 
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Physical Science, Natural Philosophy, etc., continued, 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabims, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Beginners. By Charles 

TOMUNSON. Illustrated. li. 6d. 

72. MANUAL OF THE MOLLUSCA; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and joc 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

96. ASTRONOMY. By the late Rev. Robert Main, M.A. Third 

Edition, by William Tuynne Lynn, B.A., F.R.A.S. 2S. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.£. is. 6d. 

138. TELEGRAPH, Handbook of the; a Guide to Candidates for 
Emplo^ent in the Telegrraph Service. By R. Bond. Fourth Edition. 
Including Questions on Magnetism, Electricity, and Practical Telegraphy, 
by W. McGregor, ^s.t 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,&c. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d« 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's ''Rudiments of 

174. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 48. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 
^ , formerly Professor of Natural Philosophy and Astronomy in University 
iSa College, Lond. With 520 Illustrations. In One Vol. 7s. 6a., cloth boardf. 
■^'^ \* Sold also in Two Paris, as follows ;— 

183. Anibcal Physics. By Dr. Lardnbr. Part I., Chapters I.— Vll. 41. 

184. Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII.— XvUL 3s. 



FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, 8cc. By George Pynb. as. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
&4I. GLASS. From the German of Dr. Gbssbrt and Emanuel Otto Fron- 
bbrg. With an Appendix on The Art of Enamelling, as. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spencer, as. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Matters. By Charles Child Spencer. ss.6d. 

09-71. MUSIC 6* THE PIANOFORTE. In one vol. Half bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water- Glass, Tempera, Encaustic. Miniature. 
Painting on Ivory, Vellum. Pottery, Enamel, Glass, &c. Witn Historical 
Sketches of the Progress ot the Art by Thomas John Guluck, assisted by 
John Times, F.S.A. Fourth Edition, revised and enlarged. 5s.^ 

186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Psdnter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, 8cc. 3s.^ 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FQR 

PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, 8cc. With Notes on the Copyists 
and Imitators of each Master. By Philippe Daryl. as. 6d.t 

The t indicates that these vols, may be had strongly bound at 6d. eictra. 
7, STATIONERS' HALL COURT, LUDOkTli 'KJ^A.^ ^*^* 
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INDUSTRIAL AND USEFUL ARTS. 

2$. BRICKS AND TILES, Radimentaiy Treatise on the HannfiK- 
tnre of. By E. Dobson, M.R.I.B.A. lUnstrated, js.t 

67. CLOCKS, WATCHES, AND BELLS, a Rodimentary Treatise 
on. By Sir Edmund Beckett, LL.D., Q.C. Seventh Edition^ revised and en- 
larged. 4s. 6d. limp ; 5s. 6d. cloth boards. 

83»». CONSTRUCTION OF DOOR LOCKS. Compacd from the 
Papers of A. C. Hobbs, and Edited by Charles Tomunson, FJI.S. With 
Additions by Robert Mallet, M.I.CE. Dlos. as. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern -Making, Moulding, Taming, ^ling. Burnishing, 
Bronzing, &c. With copious Receipts. &c. By Walter Graham, ss.t 
205. THE ART OF LETTER PAINTING MADE EASY. By 
J. G. Badenoch. Illustrated with xa full-page Engravings of Examples, is. 

215. THE GOLDSMITH'S HANDBOOK, containing fuU Instruc- 
tions for the Alloying and Working of Gold. By George E. Gee. js.t 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By T. W. Burgess, as. 6d.t 

225. THE SILVERSMITH'S HANDBOOK, containing fuU In- 

structions for the Alloying and Working of Silver. By George E. Gee. ts.t 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated, as. 6d.t 
249. THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED. By George £. Gek. 384 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE- 
OLOGY, the FINE ARTS, 6fH:. ByToHNWEALE. Fifth Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged, js.t 

112. MANUAL OF DOMESTIC MEDICINE. By R. GooDiNO, 
B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. Third Edition. 2s.t 

Ii2». MANAGEMENT OF HEALTH. A Manual of Home and 
Personal Hygiene. By'the Rev. James Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. 2s. 

154. GENERAL HINTS TO EMIGRANTS. Notices of the various 

Fields for Emigration, Hints on Outfits, Useful Recipes, &c. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 

James Mann, F.R.A.S., F.M.S. Second Edition. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparing for Promotion. By Major W. W. 
Knollys, F.R.G.S. With 163 Woodcuts. 38.* » 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Daiiy 

Management, the Table and Dessert. Cellarage of Wines, Home-brewio^ 

and Wine-makin^4 the Boudoir and Dressing-room, Travelling, Stable 

Economy, Gardening Operations, &c. By An Old Housekeeper. 3s. 6dt 

194. HOUSE BOOK {The). Comprising :— I. The House Manager. 

112. Bv an Old Housekeeper. II. Dohbstic Medicine. By Ralph Gooding, 

j> ' M.D. III. Management of Health. By Jambs Bairo. In One VoI>, 

^ strongly half-bound, 6s. 

The t indicates thai these vols, may be had strongly bound at 6d. extra. 
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EDTTCATIPy AL AND CLASS ICAL SEBIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Oriein and Froeress of the English Constitution. By 
William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of ; in connection with the 

Rise of the Arts and Civilization in Europe. By "W. Douglas Hamilton, 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 2s. 6a. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvien, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 38. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. £. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hyde 
Clarke, D.C.L. Fourth Edition, zs. 6d. 
II*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarkb, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above zoo,ooo Words. By Hydb Clarkb, D.C.J<. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., <s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
zyth Edition, zs. 6d. 

49. Derivative Spelling-Book; Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si)anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, zs. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar- General and Professor at the 
Sorbonne. Translated from the French. 7th Edition, carefully corrected. 2s.6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By T. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall ana Devon, zs. 



53. Places and Facts in Political and Physical Geograi^hy, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. zs. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefiT.ed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborgb E. Webstbr. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely; 

formerly H.M. Inspector of Schools. 
Introductory Primbr, 3^ 

«. d. 
Fourth Standard • • • i s 
Fifth „ .•.16 

Sixth „ ••.16 

Lbssons from thb Biblb. Part I. Old Testament, zs. 
Lessons from the Bible. Part II. New Testament, to which is added 
The Geography of the Biblb, for very young Children. By Rev. C. 
Thornton Forstbr. zs. 2d. •«* Or theTwo Parts in One Volum e. «i. 

7, stationers' hall COURT) lAH^KTlL ^W\.^ 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, &c. By Alprbd Elwbs. is. 6d. 

26. English-French Dictionary. By Alfked Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s.; 

cloth boards, 3s. 6d. *»* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Woru, a Col* 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. Gerraan Reader : A Series of Extracts, carefully cuUed from the 

most approved Authors of Germany; with Notes, Philological and Ex* 
planatory. By O. L. Strauss, Ph.U. is. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German-French-Enelish. Part 11. English-Ger- 
man-French. Part in. French-German-En{^ish. 3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

Sc 39. Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

> of Exercises. By Alfred Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwbs. 
Vol.1. Italian-English-French. 2S.6d. 

30. Italian Triglot Dictionary. By A. Elwes.- Vol. 2. 

English-Frcnch-Italian. 2S. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

Frcnch-Italian-English. as. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. V^th 

a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large numberef Technical Terms used in Mining, Engineering, ft&i 
with the proper Accents and the Gender of every Noun. By Alfrbd Elwbs 
4s. ; cloth boards, 5s. *«* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Miningi 
Engineering, &c., with the proper Accents and the Gender of every Noon. 
By Alfred Elwes. 5s. ; cloth boards, 6s. \* Or with the GrammaRi 
cloth boards, 7s. ^^^ ijust pHblishd-'^ 

HEBREW. 

46». Hebrew Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Po«(* 
Rabbinical Writings. By Dr. Bresslau. 6s. 

46, English and Hebrew Dictionary. By Dr. Bresslau. js. 
44,46. £tebrew DictloixaTY l?s above), in Two Vols., complete, Tritb 
46: the Gra mbiar. cloJh boaios, 12s. ^^^^^ 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas GtOODWIN, 
M.A., Head Master of the Greenwich Proprietary School, xs. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 
22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their orig^o from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One VoL, 3s. 6d. 

cloth boards, 4s. 6d. %* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English, 

1. Latin Delectus. Containing Extracts from Classical AuUiors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, xs. 6d. 

2. Csesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2S. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, xs. 6d. 

5. Virgilii Maronis -3^^neis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved With copious Addi- 
tional Notes by Rev. T. U. L. Le.vry, D.C.L., formerly Scholar 01 Brasenose 
College, Oxtord. 3s. 

5* I'art I. Books i.— vi., is. 6d. 

5»# Part 2. Books vii.— xii., 2s. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, xs. 6d. 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. xs. 6d. 

8. Sallustll Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. xs. 6d. 

9. Terentii Andria et Heautontimonimenos. With Notes, Critical 

and Explanatory, by the Rev, James Davibs, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev 
Jambs Davibs, M.A. xs. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Learv, D.C.L. lormerly Scholar ot Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Catd Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. YouNG and W. B. Smith, 

M.A. Part x. Books i., ii., xs. 6d. 
16*. ■ Part 2. Boors iii., iv., v., xs. 6d. 

17. Part 3. Books xxi., xxii., xs. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Fropertins, 

and Ovid. Notes by W. fi. Donnb, M.A., Trinity College, Cambridge, ss. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Elorus, Velleius Paterculus, Valerius Mazimus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, B Jl., Lecturer on Logic at King's College, London, m. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own da\'. By Hans 
Claude Hamilton, is. 6d. 

15,17. Greek Lexicon. Contaming aD the Words in General Use, with 

their Significations, Inflections, and Dcubtful Quantities. By Hbnry R. 
Hamilton. Vol. x. Greek -English, 2s. 6d.; Vol. 2. English-Greek, 2s. Or 
the Two Vols, in One, 4s. 6d. : cloth boards, $8. 

14,15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 

2, 3. Xenophon's Anabasis j or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part x. Books i. to iii., 
IS. Part 2. Boo£s iv. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, with 
Grammatical and Explanatory Notes, by H. Youno. is. 6d. 

5-12. Homer, The Works of. According to the Text of Baeumlein. 

With Notes, Critical and Explanatory, drawn from the best and latest 

Authorities, with Preliminary Observations and Appendices, by T. H. L. 

Lbarv, M.A., D.C.L. 

The Iuad : Part x. Books i. to vi.j xs.6d. Part 3. Books ziii. to xviii., is. 6d. 

Part 2. Books vii.tozii., xs.6d. Part 4. ^ooksziz. to xxiv., is. 6d. 

The Odtssby: Part i. Books i. to vi., is. 6d Part 3. Books ziii. to xviii., is. 6d. 

Part 2. Booksvii.tozii., IS. 6d. Part 4. Books xix. to xxiv., and 

Hymns, 2s. 
13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. James Davibs, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gatsford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary. M.A., D.C.L. 

Part I. Books i., ii. (The Clio and Euterae), 2s. 

Part 2. Books iii., iv. (The Thalia and MeIpomene}^s. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles: OEdipus Tyrannus. Notes by H, Young, is. 

20. Sophocles; Antigone. From the Text ot Dindorf. Notes, 
Critical and Explanatory, by the Rev. John Milner, B.A. 2s. 

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, by W. Brownrigg Smith, 
M.A., F.R.G.S. IS. 6d. 

26. Euripides: Akestis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory^ by John Milnbr, B.A. is. 6d. 

30. ^Eschylus : Prometheus Vmctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. James Davies, M.A. is. 

32. -^schylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Davibs, M.A. is. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 
' Weisb. With Notes, by C. S. T. Townshbnd, ma. is.6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book i. is. 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 
duction by Ll. F. w.Jewitt. is.6d. ,.!«..,.. 

43. JDemosthenes. The Oration on the Crown and the Philippics, 

With English Notes. By Rev. T. H. L. Lbary, D.C.L., formerly Scholar oi 

Brwenose College, Oxford. «.6A. 
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